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KEY POINTS 


[Much of idiopathic male infertility is likely to have a genetic cause. 

[Men who have nonobstructive azoospermia or severe oligospermia with total motile count less than 
5 million should have a karyotype and Y chromosome microdeletion. 

[Klinefelter syndrome (47,XXY) is the most common chromosomal abnormality with a frequency of 
1:600 males and has a wide spectrum of clinical presentation. 

[Men with an AZFa, AZFb, AZFb/c microdeletion uniformly have complete absence of 


spermatogenesis. 


[Ef a male has congenital bilateral absence of the vas deferens, it is critical to offer him and his partner 
genetic testing for cystic fibrosis mutations as well as genetic counseling. 


INTRODUCTION 


Approximately 1 in 6 couples in the Western world 
is not able to conceive spontaneously after 1 year 
of unprotected intercourse; in nearly half of these 
couples, the male partner has 1 or more semen 
parameters below the WHO cutoffs for normozoo- 
spermia. '* Although the sequencing of the human 
genome in 2003 heralded a new era of genetic med- 
icine, it will likely take decades to realize the poten- 
tial of this project. Male infertility, in part due to the 
nature of the condition, remains largely unex- 
plained. The cause of most cases of male infertility 
or subfertility remains unknown; monogenic disor- 
ders (eg, cystic fibrosis [CF], Kallman syndrome), 
cytogenetic abnormalities (eg, Klinefelter syndrome 
[KS; 47,XXY]), and Y chromosome deletions ac- 
count for only up to 30% of cases.° The proportion 
of the remaining male factor cases that can be 
attributed to genetic causes is currently unknown, 
but it is likely that aberrations in many additional 
genes underlie a significant proportion of male 
infertility/subfertility because sperm production re- 
quires the coordinated action of thousands of 
genes, and knocking out any 1 of hundreds of 
genes in mice results in subfertility phenotypes in 
males. However, discovering such genes in hu- 
mans has proved challenging. 135° 


Based on studies of animal models, however, it 
is likely that genetic variation that alters gene 
expression or function accounts for a significant 
proportion of male subfertility. For example, knock 
outs of or mutations in hundreds of genes cause 
subfertility phenotypes in male mice. This is not 
surprising given that sperm development and 
maturation require the coordinated action of thou- 
sands of genes. However, identifying the variation 
and specific genes that are essential for reproduc- 
tive success in humans has been extremely 
challenging for 2 reasons. First, because of the 
nature of the condition, it is virtually impossible 
to conduct genome-wide family-based studies of 
infertility, approaches that have been successful 
for identifying genes for many conditions with 
monogenic, and even some with complex genetic 
causes. Second, male infertility is a heterogeneous 
condition that can result from aberrations of many 
different genes. This is due in part to strong selec- 
tion pressure against transmission of these 
genetic variants. As a result, candidate gene asso- 
ciation studies (or even genome-wide association 
studies [GWAS]) of cases (infertile) and control 
(fertile) men would not likely be successful 
because only a small proportion of the cases are 
expected to share the same genetic abnormality. 
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This is shown by the relative paucity of specific ge- 
netic variants and genes that are robustly associ- 
ated with male infertility. ’~2° 

Our lack of success in explaining approximately 
50% to 70% of male infertility is nowhere more 
apparent than in our interactions with infertile 
men. These men want an answer to what caused 
their infertility. Currently, we cannot provide this in 
most instances. Furthermore, technological ad- 
vances such as intracytoplasmic sperm injection 
(ICSI) and microsurgical testicular sperm extraction 
(microTESE) allow us to bypass the problem and 
bring with them another set of questions from pa- 
tients that we cannot answer.?':22 When consid- 
ering ICSI, many patients want to know what are 
the chances they will pass on the genetic cause 
of their infertility to their offspring, as well as the 
potential for nonreproductive effects from these 
genes. These are questions that currently cannot 
completely answered completely. Although studies 
suggest that assisted reproductive technologies do 
not seem to result in a significantly higher rate of 
birth defects after risk factors such as maternal 
age are controlled for, the role of sperm quality in 
reproduction is just beginning to be unraveled.7° 

In 2012, Kong and colleagues** published a 
seminal paper in Nature showing that the de 
novo mutation rate for each generation is driven 
largely by paternal age with paternal sperm muta- 
tion rate doubling for every 16-year increase in 
paternal age. Increased paternal mutations from 
advancing age of fathers explained 30% of the in- 
crease in autism and schizophrenia over the time 
period of this study. The mechanism driving this 
is believed to be increased de novo mutations re- 
sulting from decreased fidelity of DNA replication 
in spermatogenesis with advancing paternal age. 
These mutations result in a higher mutation rate 
in sperm, which are then passed on to offspring 
and can manifest as diseases such as schizo- 
phrenia or autism. 

Studies such as that of Kong and colleagues~* 
and recent work by Wang and colleagues,2° which 
sequenced the entire genome of individual sperm, 
herald a paradigm shift in our ability to develop the 
next generation of genetic tools to understand and 
possibly treat the underlying cause of male infer- 
tility. Tools such as this provide the ability to inter- 
rogate the reproductive potential of individual 
sperm, unfortunately, at this time, this cannot be 
done without destroying them. However, this tech- 
nology holds incredible potential to determine the 
reproductive potential of an individual sperm. 

Voltaire said, “with great power comes great re- 
sponsibility.” In many ways, ICSI and microTESE 
have given us incredible power to treat male infer- 
tility. With this power, comes the ethical and moral 


responsibility to understand the genetic causes of 
male infertility for our patients and their offspring. 
Much of the potential of the Human Genome Proj- 
ect will be brought to bear on the genetic causes of 
male infertility. 

This article examines some basic concepts that 
are prerequisite to any examination of the genetic 
causes of male infertility and reviews who should 
be evaluated and the current tools for genetic eval- 
uation as well as their limitations. An overview of 
state of the art research in the field and what the 
landscape will look like in 2034 are presented. 


PHENOTYPE DEFINITIONS 


Studying the genetics of male infertility is complex 
because many of the tools of genetic analysis 
such as linkage mapping, family studies, and com- 
plex pedigree analysis are rendered useless by the 
nature of the condition. Furthermore, male infertility 
exists on a spectrum and is likely the result of the 
contribution of 100s if not 1000s of genes to a 
man’s overall reproductive potential.2 To study 
this or any other genetic condition, accurate pheno- 
typing is essential. To determine the precise ge- 
netic cause of male fertility, robust definitions that 
can clearly differentiate men into similar groups 
for analysis are essential. If this often overlooked 
but critical step cannot be completed, our efforts 
are doomed to failure. Although significant prog- 
ress is being made in genomic, proteomic, and me- 
tabolomics biomarkers of male infertility, the 
limiting factor in this work is lack of accurate pheno- 
typing of these men from a clinical and molecular 
standpoint (Table 1).2° Another key component of 
accurately phenotyping men is to define accurate 
inclusion and exclusion criteria to establish a uni- 
form cohort of men for analysis (Table 2). 
Previous investigators have focused on men 
with nonobstructive azoospermia (NOA) to identify 
a pure phenotype with a uniform condition.?:'*7° 
Although this approach is appealing in that NOA 
is certainly a reproducible end point and clearly 
defines a population of patients, it has not been 
successful in identifying genetic causal variants 
that explain large portions of male infertility.”~2° 
Much of this is believed to be due to racial and 
ethnic differences in genetic carrier frequencies 
and the 100s of genetic defects that can result in 
an NOA phenotype.° Given that most men do not 
realize their full reproductive potential, that birth 
outcomes are also dependent on female factors, 
and that semen analyses are notoriously variable, 
NOA provides an attractive phenotypic definition 
for male infertility.” The problem with using men 
with NOA as a phenotypic definition of male factor 
infertility is that significant numbers of men with 


Table 1 

Summary of possible demographic data and 
phenotypes useful for genetic analyses of male 
fertility 


Demographic data 

Age (y) 

Partner’s age (y) 

Race/ethnicity % Motility 

Body mass index Total motile count 
(kg/m?) 

Hormones % Progressive motility 

Follicular stimulating | Average velocity 
hormone (mIU/mL) 


Luteinizing hormone 
(mIU/mL) 


Semen analysis 
Volume (mL) 
Sperm count 


Mean amplitude 
of lateral head 
movement 

Total and free Linearity 
testosterone (ng/dL) 

Clinical 

Months of infertility 


Beat frequency 


Morphology 
(% normal) 


% Head defects 


Female factor present 
in partner 


Anatomic 


% Neck/midpiece 
defects 


Testis longitudinal % Cyoplasmic defects 
axis (cm) 
Nonsevere varicocele 


(grade | or Il) 


% Tail defects 


causal genetic variants that contribute to subfertil- 
ity or severe oligozoospermia through genetic 
pathways distinct from those that cause NOA 
may be missed. Furthermore, because NOA is 
only a small subgroup of men with male infertility, 
it is unclear if understanding the genetic causes 
of NOA will translate directly into deciphering other 
aspects of male infertility. 

Alternative phenotypic definitions for male infer- 
tility have their own problems and limitations as 
well. Specifically, using patient self-reports of their 
fertility is problematic and, if used, needs to be 
done in a validated and controlled manner; it will 
only work in specific populations where men 
realize their true genetic reproductive potential. 
Many couples now seek assisted reproductive 
technologies before attempting to conceive for 
12 months.'° Alternatively, investigators have 
relied on semen analyses to define groups of 
men with oligozoospermia, but variability in semen 
analyses mandates use of multiple semen sam- 
ples to define these groups of men.?”?9 Case- 
control definitions are also problematic because 
semen analyses parameters, such as total motile 
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Table 2 

Inclusion (A) and exclusion (B) criteria for 
clinical subjects in genetic studies of male 
infertility 


A. Inclusion Criteria 

Men aged 18-65 y in a committed relationship 
No previous paternity 

B. Exclusion Criteria 


Medical history Cryptorchidism/orchidopexy 

Severe testicular trauma or 
torsion 

Previous inguinal surgery 

Vasectomy 

Radical pelvic surgery 

Chemotherapy 

Pelvic external beam 
radiotherapy/ 
brachytherapy 

Cancer (other than 
nonmelanoma skin cancer) 

HIV/AIDS 

Mumps orchitis 

CF or CBAVD 

Spinal cord injury 

Hypogonadotropic 
hypogonadism 

Hyperprolactinemia 

Hyper or hypothyroidism 

Diabetes mellitus with 
HbA1C >10% 

Exogenous steroid use 


Grade III varicocele 

Severe phimosis 

Presence of testicular mass 

Buried penis due to morbid 
obesity 

AZF microdeletion 

Klinefelter syndrome 

Intersex disorder 

CFTR mutation 


Seminal hypovolemia 
(volume<1.5 mL) 


Kjaculatory dysfunction 


Hormonal 


Anatomic 


Genetic 


Semen analysis 


Sexual history 


Abbreviations: CBAVD, congenital bilateral absence of the 
vas deferens; CFTR, cystic fibrosis transnembrane conduc- 
tance regulator; HIV, human immunodeficiency virus. 


counts, are quantitative continuously distributed 
traits that show large intraindividual and interindi- 
vidual variation. Thus, dichotomizing total motile 
count would fail to detect an overall reduction in 
sperm count caused by a genetic factor, unless 
the cutoff point for the case definition was set 
very low.” Finding accurate controls for these 
studies has also proved to be problematic. 

One alternative to just relying on NOA or oligozoo- 
spermia on a semen analysis is to define more 
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robust clinical phenotypes that tie in other relevant 
pieces of clinical information such as the physical 
examination and hormone levels (Table 3). Male 
and female reproductive hormone levels are an 
integral part of an infertility evaluation and frequently 
change clinical management.°° For men, the level 
of follicular stimulating hormone (FSH) is often 
more predictive of spermatogenesis capacity 
than a semen analysis, assuming absence of 
azoospermia, and luteinizing hormone (LH) and 
testosterone (T) often identify treatable hypoandro- 
genism.°° Multiple studies have demonstrated that 
levels of FSH, LH, T, and anti-Mullerian hormone 
(AMH) in men have significant heritability 
(66% -90% ).°'°* Previous studies of twins have 
suggested that levels of these hormones are herita- 
ble,°'° but further genetic studies on these impor- 
tant biomarkers of reproductive health are lacking. 


GENETICS BACKGROUND 
Basic Genetics 


The central dogma of biology dictates that DNA 
makes RNA, which makes protein. Proteins form 
the building blocks of life. The basic building blocks 
of genes, the genetic code, consists of 4 deoxyribo- 
nucleotides (adenylic acid [A], guanylic acid [G], thy- 
midylic acid [T], and cytidylic acid [C]). Two strands 
of DNA are joined together to form a double helix 
with A binding to T and G binding to C. DNA consists 
of introns, sections of DNA that do not code for pro- 
teins and exons, and sections of DNA that code for 
proteins. Although only a small fraction of DNA co- 
des for proteins, recent insights from the ENCODE 
study have revealed that the intervening DNA is 
not random noise but serves to regulate the exons 
or coding segments.’ The DNA of each gene is 
transcribed to make mRNA. During translation, 
each 3-unit nucleotide codon is translated by the 
ribosome to make a specific amino acid. Se- 
quences of amino acids then make specific pro- 
teins, the functional end product of each gene. 
DNA is tightly packaged in the nucleus of cells. It 
is set in a background of histone proteins, stacked 
and compacted to form each of the 46 chromatids, 
which consist of a short (p) arm and a long (q) arm. 
One of the chromatids is of paternal origin and 1 is 
of maternal origin. These chromatids make up the 
diploid genome which consists of 22 pairs or auto- 
somes numbered from largest to smallest and 1 
pair of sex chromosomes (X/Y or XX) (Fig. 1).°* 
DNA is replicated in the process of mitosis and 
meiosis. Mitosis occurs in all cells and precisely 
replicates the DNA to produce 2 genetically iden- 
tical diploid daughter cells from each mother cell. 
Meiosis occurs only in germ cells and involves a 
process of recombination and reduction in 


chromosome number to a haploid spermatozoa 
or oocyte. Fusion of an oocyte and a spermatozoa 
result in restoration of the diploid number of 
chromatids. 


DNA mutations 

A mutation is an alteration in DNA that can be 
passed from parent to daughter cells. There is a 
critical distinction between somatic mutations 
and germline mutations. Somatic mutations are 
passed from mother to daughter cells, but not 
passed on to the next generation. The rate of de 
novo germline mutations is not insignificant and 
tends to increase as people age.**°° Both germ- 
line and somatic mutations may result in a change 
in the amino acid sequence of a protein or the 
length of genes (insertions or deletions). In this 
article, the discussion of genetic inheritance fo- 
cuses on germline genetic disorders and this 
model of inheritance. 


DNA polymorphisms 

Polymorphisms are alterations in the DNA found in 
at least 1% of the population. Generally speaking, 
DNA polymorphisms do not cause disease but 
may alter the risk or severity of disease.°° There 
are several types of polymorphisms. The most com- 
mon and most relevant for male infertility are single 
nucleotide polymorphisms (SNPs), which occur in 
up to 1 in 100 base pairs for some genes and typi- 
cally do not cause disease. SNPs are specific areas 
of DNA that vary between individuals in a popula- 
tion. An allele is a specific variant of DNA at a spe- 
cific location, whereas a genotype is the alleles an 
individual received from each parent at a given 
genomic position such as A/C. A haplotype is the 
alleles that were each received together from 1 
parent.° GWAS attempt to determine whether the 
genotypes of certain SNPs are associated with 
complex diseases. These studies generate massive 
amounts of data and are complex to interpret but 
are statistically relatively straightforward although 
computationally intensive; they rely on millions of t 
tests to examine the association of the genetic pre- 
dictor (SNP genotypes) with the outcome of interest. 
Examination of millions of SNPs in a given study 
often results in stringent criteria for genome-wide 
significance (P<1 [Eh 0) after correcting for multi- 
ple comparisons (Fig. 2).° GWAS, when properly 
performed, adequately powered and correctly inter- 
preted, may have the power to yield insight into 
complex diseases such as male infertility. 


Genetic Disorders 


Genetic disorders can be divided into single gene 
disorders or mendelian disorders, chromosomal 
disorders, and nonmendelian genetic disorders. 


Table 3 


Summary of male infertility phenotype components 


Male Infertility Metric 
Demographic 


Age (y) 
Race/ethnicity 


Body mass index (BMI) (kg/m?) 
Partner age (y) 
Hormones 


Follicular stimulating 
hormone (FSH) (mIU/mL) 


Luteinizing 
hormone (mIU/mL) 
Free testosterone (ng/dL) 


Total testosterone (ng/dL) 


Semen Analysis 
Volume (mL) 


Sperm count 
(millions of sperm) 


Total motile count (TMC) 
(millions of sperm) 


% Motility 


% Normal morphology by 
Kruger strict criteria 


% Head defects 


Anatomic 
Testis longitudinal axis 


Presence/side/grade of 
varicocele 


Ciinical* 
Months of infertility at 
time of evaluation 


Rationale for Measurement 


Semen quality decreases with age >25 y**:122-124 


Significant racial variability in male infertility prevalence, '**:'2° care 
seeking behavior, '*° and semen analysis profiles mandates 
adjustment by race1?” 


Increasing BMI is associated with declining semen quality'@® 
Increasing female age is associated with decreased fertility 


FSH correlates directly with spermatogenesis potential and is 
significantly less variable and more heritable than the parameters 
of a semen analysis?®32.129 


Indicates adequacy of Leydig cell function to maintain adequate 
testosterone levels for spermatogenesis'~° 


Adequate free testosterone is necessary to optimize human 
spermatogenesis and doesnot always correlate with total 
testosterone'%°15! 


Total testosterone <280 ng/dL has sensitivity of 91.0% and specificity 
of 73.7% for low free testosterone'** 


Seminal hypovolemia (<1.5 mL) indicates obstructive azoospermia or 
retrograde ejaculation, not spermatogenic failure~® 


Pregnancy rates decline with decreasing sperm counts!**:'2” 


Clinically, TMC is used to determine the severity of male factor 
infertility and to guide clinical treatment. Pregnancy rates are 
believed to decline linearly with reduced TMC <15 million?® 


Decreasesin motility can indicate genetic defectsin spermatogenesis 
that can result in populations of immotile soerm2® 


Previous work has found that genes associated with reduced 
reproductive potential are also associated with specific 
morphologic defects. 133134 Decreased % of normal forms may be 
associated with decreased fertility and is directly related to the 
quality of the germinal epithelium? 


Previous work has found that genes associated with reduced 


reproductive fitness are also associated with sperm head defects'** 


80% of testicular volume is composed of the seminiferous tubules, 
where spermatogenesis occurs. Thus, testicular size is directly 
proportional to reproductive fitness and does not have the 
variability seen in semen analyses~®: 129 


Varicoceles are associated with oligoasthenoteratospermia and are 
found in up to 50% of men presenting to infertility clinics. 
However, they are often an incidental finding and are typically not 
causative of severe defects in spermatogenesis. Thus, men with 
severe (grade IIl) varicoceles are excluded because the genetic 
factors causing varicoceles are unknown but are believed to differ 
from those causing defectsin spermatogenesis” 


Reproduction is an inefficient process, even in fertile couples, with 
chances of fertilization approaching 20% under ideal conditions. 
Severity of male factor infertility correlates linearly with length of 
time to natural conception without assisted reproductive 
technologies. '*° Infertility is defined clinically as the lack of 
pregnancy after 1 y of attempts at pregnancy?® 124.127 


(continued on next page) 
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Table 3 
(continued) 


Male Infertility Metric 


Months until natural See above 
conception 

Months until conception 
with intrauterine 


insemination 


All the examples mentioned briefly here are dis- 
cussed in detail in the following sections. Single 
gene or mendelian disorders are caused by a 
mutant allele or pair of alleles at a single genetic 
locus. These mutant alleles may either be inherited 
from parents or occur de novo in spermatozoa or 
oocytes. Regardless of where they come from, 
once present, all these mendelian disorders are 
passed on to offspring in 1 of several standard 
modes of inheritance. Autosomal dominant muta- 
tions are expressed with the inheritance of a single 
mutant allele, whereas autosomal recessive muta- 
tions require the disease-causing mutation to be 
present on both alleles of a gene. CF is a classic 
example of an autosomal recessive mutation.°” 
X-linked disorders cause disease in men (46,XY) 
with the mutation and in women who inherit 2 
copies of the X-linked mutation. Thus, these dis- 
eases affect men more than women. Kallman syn- 
drome is an example of an X-linked disorder. 
Chromosomal disorders are caused by the loss, 
gain, or abnormal arrangement of 1 or more of the 
46 chromosomes.' Although most chromosomal 


Double Helix B 


US Raters! Umom of We t-se 


Chromosomes 


Rationale for Measurement 


Chances of pregnancy with intrauterine insemination are roughly 
15%-20% per cycle.*° Because intrauterine insemination success 
usually requiresa TMC >5 million and is proportional to sperm 
function, this can be used asa surrogate for reproductive fitness 


disorders are de novo events that result from sig- 
nificant mutations in the parent germ cells, they 
often demonstrate a modified pattern of mendelian 
inheritance. These disorders can be classified as 
either numerical/structural or microscopic/submi- 
croscopic. There are 2 categories of numerical 
chromosomal abnormalities: (1) polyploidy, a 
chromosomal number that is a multiple of 23 in 
which there are extra copies of all chromosomes; 
(2) aneuploidy, a gain or loss of 1 or more chromo- 
somes. Aneuploidy is typically denoted as the 
number of extra or missing copies and the chro- 
mosome; for example, trisomy 21. Aneuploidy is 
significantly more common than polyploidy. Mosa- 
icism results when individuals have tissues con- 
sisting of a mixture of cell lineages with different 
chromosomal complements. A classic example 
of a numerical aneuploid chromosomal disorder 
where mosaicism is common is KS with a karyo- 
type of 47,XXY.38 

Microscopic or submicroscopic chromosomal 
disorders result from a loss, gain, or rearrange- 
ment of material within a chromosome or between 


Fig. 1. DNA structure. (A) DNA is arranged in a ladder twisting in the form of a double helix. The base pairs 
adenosine-thymine and guanine-cytosine form the rungs of the ladder. A sugar phosphate backbone forms 
the supports of the ladder or helix. (B) DNA strands are spooled and then condensed into fibersthat are further 
compacted by looping around histones to form a chromosome that consists of 2 chromatids joined by a centro- 
mere. Each chromatid hasa p arm (short) and aq arm (long). (C) The 22 autosomal chromosomes and the 1 sex 
chromosome can be laid out in a karyotype to determine if there are any grossly visible chromosomal abnormal- 
ities. (Courtesy of The National Human Genome Research Institute, National Institute of Health, Bethesda, MD.) 


GWAS 101: Definitions 


* Allele: A particular variant of DNA at a specific 
location 


* Genotype: One allele from each parent; this 
combination forms a genotype at a given 
genomic position: A/C 

* Haplotype: Alleles received together from one 
parent 


GWAS 101: Definitions 


* SNP Variation 


Single Nucleotide 

Polymorphism (SNP) 

— Markers 

— Variations between 
individuals (alleles) 
involve a single base 
change 

— Typically only two 
alleles (4 possible) 


Haplotype: A-G 
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GWAS 101: Definitions 


Haplotype: T-A 


Genotypes: A/T, A/G 


GWAS 101: 
What is a GWAS Study? 


2 Key concepts 

Effects we are looking for are usually relatively 
modest, associations between SNPs and causal 
variants show low odds ratios <1.5 

Setting alpha at 0.05 would yield 50,000 false 
positive signals for 1 million SNPs, Typical criteria for 
significance in GWAS (Bonferroni correction) is 
P<1x10* 


Fig. 2. GWASdescription. Alleles are variants of DNA at a specific location. The combination of alleles inherited 
from each parent form a genotype at a given genomic position. A haplotype denotes alleles that were all 
received together from 1 parent. The key concept here isthat most adult cells are diploid (2n) and have 2 copies 
of the DNA, 1 from each parent. Thus, when a specific location or allele is examined, an individual’s genotype is 
composed of the basepairs at each of their 2 copies of genetic material. SNPs are variations of alleles between 
individuals that involve a single base change. GWAS studies use SNPs as the predictors and disease states as 
the outcomes. Asthe effects being looked for are very modest and testsare repeated millionsof times, large sam- 


ple sizes are often required to reach statistical significance (P<1 Lil0 


chromosome. The key distinction between these 
and numerical chromosomal abnormalities is that 
only a piece of the chromosome is affected, not 
the entire chromosome. A common mechanism 
for these disorders is reconfiguration of blocks of 
DNA or low copy repeats, which are 10 to 400 kb 
long, have nearly identical sequences, and are 
dispersed throughout the chromosome account- 
ing for 5% of the human genome.**°°*° A classic 
example of this is deletions of part of the Y chro- 
mosome resulting in microdeletions leading to 
male infertility, the so-called azoospermia factor 
(AZF) disorders.*° 

Nonmendelian disorders account for most human 
disease. Study of these diseases is significantly 
more complex than for mendelian disorders.*' 
GWAS have been the mainstay used to investigate 
complex, polygenic, nonmendelian diseases (See 
Fig. 2).42 Other inheritance patterns exist such as 
expansion of trinucleotide repeats, mitochondrial 
inheritance, genomic imprinting, and uniparental 
disomy but these are beyond the scope of this 


article. Studying spermatogenesis is complex and 
requires understanding how 1000s of genes operate 
together and the development of new tools to 
examine complex nonmendelian traits such as 
GWAS. 


CURRENT GENETIC TOOLS 


Spermatogenesis involves the coordinated action 
of 1000s of genes.*°*° Although any number of 
these could make excellent targets for diagnostic 
tests of male factor infertility or subfertility, only a 
small handful of genetic variants have been clearly 
linked to spermatogenic failure in a robust and 
reproducible manner.*° 


Congenital Bilateral Absence of the Vas 
Deferens 


Congenital bilateral absence of the vas deferens 
(CBAVD) occurs in approximately 1% of infertile 
men and is diagnosed on physical examination, 
prompting subsequent genetic testing.** Men with 
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this condition present with obstructive azoo- 
spermia, absence of the vas deferens, and possibly 
absence of the distal part of the epididymis, hypo- 
plastic seminal vesicles, and consequent seminal 
hypovolemia (<1 mL) and an acidic ejaculate (pH 
6.5-7.0).4° CBAVD is found in all patients with clin- 
ical CF and CBAVD without other clinical manifesta- 
tions of CF is believed to result in people with 
mutations that confer at least some functional forms 
of the gene that causes CF when it is completely 
absent.*° 

CF affects 1:1600 people of northern European 
descent and genetic testing must account for 
ethnicity to identify the 850 or so genetic variants 
known to cause CF.*’*® Obstructive pulmonary 
disease caused by thickened epithelial secretions 
is the defining feature of clinical CF; pancreatic 
exocrine failure from the same mechanism is also 
common. ° Absence of the vas deferens occurs in 
all males with clinical CF.°° Clinical CF requires 
inheritance of maternal and paternal CF genes. 
The CF gene encodes the cystic fibrosis transmem- 
brane conductance regulator (CFTR), a protein 
crucial for the maintenance of viscosity through 
optimal sodium and chloride balance in epithelial 
secretions. If only 1 copy of an abnormal CFTR 
gene is present along with another normal copy, 
the patient is a carrier and pancreatic and respira- 
tory function are unaffected. The severity of the 
phenotypic picture of CF, from carrier to clinical 
CF, depends on the functionality of the copies of 
the CFTR genes that individuals inherit from their 
parents. The least severe form of CF is CBAVD, 
where the CFTR protein allows for adequate 
pancreatic and respiratory function but results in 
vasal agenesis.*° Although the vas, epididymis, 
and seminal vesicles are of mesonephric origin, 
they become atretic in the later stages of develop- 
ment, indicating that the mesopnephric ducts are 
embryologically normal and men with CBAVD 
have normal renal units. 

Although more than 1500 mutations can cause 
CF and CBAVD, a 3 base pair deletion, deltaF508, 
is the most common mutation found in northern 
Europeans with CF and CBAVD.°' deltaF508 is a 
severe mutation and the homozygous state results 
in clinical CF. In men with CBAVD, complete 
genome sequencing results in detection of 90% 
of abnormal CFTR alleles (the other 10% are pre- 
sumed but not detectable); 88% carry a severe mu- 
tation (absent CFTR function) in combination with 
an allelic mild mutation that preserves some 
CFTR function.°°°* The most frequent mutation 
detected is deltaF508 (24% ) and the second most 
common is IVS8-T5 (17%). T5 causes mild CFTR 
malfunction and is present in up to 5% of the 
general population. The most frequent genetic 


combination in patients with CBAVD was deltaF508 
in trans to IVS8-T5 (16.5% ). Most other CFTR muta- 
tions were at a frequency of 3% or less.°°:°° Unilat- 
eral absence of the vas deferens should also be 
evaluated with renal ultrasonography because 
many of these men have renal agenesis or ecto- 
pia.°* Another variant of this is congenital nonunion 
of the vas deferens with the epididymis, which is 
poorly understood and may lend itself to microsur- 
gical reconstruction in some instances. 

If no mutations in CFTR are discovered in the 
male, another possible cause of CBAVD is from 
abnormal differentiation of the mesonephric ducts 
before week 7 resulting in unilateral renal agenesis 
or ectopy and CBAVD. This scenario occurs in its 
severe form as Potter syndrome, is unrelated to 
CF, has an unknown genetic basis, and warrants 
renal ultrasonography in men with CBAVD to iden- 
tify this entity.°° 

Perhaps the most critical portion of an evaluation 
of CBAVD is workup of the female partner for CFTR 
mutations. According to the American Urological 
Association (AUA) Best Practice Policy Commit- 
tee’s Report from 2010 on the Evaluation of the 
Azoospermic Male, “Testing for cystic fibrosis 
transmembrane conductance regulator abnormal- 
ities should include at minimum a panel of common 
point mutations and the 5T allele. Gene sequencing 
may be considered in couples where the wife is a 
carrier and the husband with congenital bilateral 
absence of the vasa deferentia tests negative on 
a routine panel of cystic fibrosis transmembrane 
conductance regulator mutations.”°°  (https:// 
www.auanet.org/common/pdf/education/clinical- 
guidance/Male-Infertility-b.pdf). Referral to a ge- 
netic counselor is a critical component of this 
process. 

Men with CBAVD and CF should undergo genetic 
screening and are then candidates for microsurgical 
or percutaneous sperm aspiration procedures or 
testicular sperm extraction for use in conjunction 
with ICSI.’ Preimplantation genetic screening 
should be done if the patient’s partner harbors a 
CFTR mutation, resulting in a 25% chance of 
offspring inheriting abnormal alleles from both par- 
ents and developing clinical CF.°° The key points 
of the evaluation of a man presenting with CBAVD 
are summarized in Table 4. 


Karyotype Abnormalities 


Karyotype 

Numerical and structural chromosomal abnormal- 
ities are 8 to 10 times more prevalent in infertile 
men than in fertile controls (3% in oligospermia 
and 19% in NOA).°°:°°°' Obtaining a karyotype in 
infertile men is recommended after a careful 


Table 4 
Key points for evaluation of men with CBAVD 


Diagnosis 


Absence of vas 
deferens on 
examination? 


Critical point 


Ancillary points 


Seminal hypovolemia? 


Workup 


CFTR mutation testing 
for man and wife 


Consider gene sequencing 
if no mutations detected 
in man and wife isa 
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Treatment 


Sperm extraction and ICS 
with fresh/frozen sperm 

Preimplantation diagnosis 
for men with CBAVD 
where both husband 
and wife are carriers of 
severe CFTR mutations 
(eg, deltaF508) 

Referral to a genetic 
counselor, testing 
of siblings 


carrier 


Family history of CF? 


Renal ultrasonography for 
man if no detectable 


Cost considerations for 
patients 


mutations 


discussion of the risks and benefits and cost of ge- 
netic testing with the patient. A karyotype typically 
costs $400 to $900 and is rarely covered by insur- 
ance. The AUA guidelines recommend a karyotype 
in all men with NOA and a total motile count less 
than 5 million.°° 


47,XXY KS 
KS (47,XXY) is the most common chromosomal ab- 
normality with a prevalence of 1:600 in males and is 
the most common genetic cause of azoospermia. °° 
KS has a wide clinical spectrum but all males have 
atrophic testes (8-10 cm°) and marked increase in 
FSH and LH levels. In addition, approximately 
10% to 20% of men with KS are mosaic with cells 
demonstrating 47,XXY and 46,XY karyotypes or 
other mosaic compositions.°* Spermatogenesis is 
typically severely limited in all men with nonmosaic 
KS, and most have azoospermia. However, up to 
8.4% of men with nonmosaic KS do have sperm 
in their ejaculate. FSH is increased in response to 
abnormal spermatogenesis. Regardless of testos- 
terone levels, LH is typically increased as a result 
of maximal stimulation of Leydig cells that produce 
androgen inefficiently.°7 °° 

The presence of an additional X chromosome 
results in not only spermatogenic and androgenic 
failure but also gynecomastia, expressive lan- 
guage difficulties, higher mortality from breast 
cancer and non-Hodgkin lymphoma (standardized 
incident ratios of 57.8 and 3.5, respectively), a 
decreased risk of prostate cancer, and a higher 
incidence of extragonadal germ cell tumors 
mandating karyotyping in men presenting with 
these tumors.°°:°©° 

Men with KS can present in a myriad of ways. If 
they do not have adequate androgenic potential, 


they typically present to a pediatric endocrinolo- 
gist with delayed or absent virilization at the time 
of puberty. Others are referred in adolescence 
because of small testes and many are discovered 
only at the time of infertility evaluation.°' Men with 
KS typically have normal libido and erectile 
function.°° 

Research among fathers of offspring with KS has 
demonstrated that the frequency of XY sperm in- 
creases significantly with paternal age.°° Some 
have also argued that spermatogenic potential de- 
creases with advancing age in men with KS and 
many have raised concern about high rates of aneu- 
ploidy sperm among men with KS.’°-’2 Despite this 
concern, more than 100 births have been described 
in the literature with no aneuploid offspring.’°’” 
Part of the debate on this issue stems from the 
lack of consensus on the exact mechanism of 
47,XXY men producing 23, X or 23, Y sperm. Two hy- 
potheses have been proposed to explain this. Either 
the 47,XXY spermatogonia have the potential to 
complete meiosis resulting in both aneuploid and 
haploid sperm or the testicular environment hypoth- 
esis, whereby spermatozoa of men with 47,XXY KS 
arise from patches of 46,XY spermatogonial stem 
cells in the testis and increased aneuploidy rates 
are from an aberrant testicular environment.’® 

MicroTESE has been demonstrated to yield suc- 
cessful sperm retrieval in up to 69% of men with 
KS.’°:°° No characteristic or algorithm has been 
shown to successfully predict the presence of 
sperm in azoospermic men with KS. 


46,XX male syndrome 

46,XX testicular disorder of sex development 
(46,XX male syndrome) is found in 1:20,000 male 
births and is a rare genetic cause of infertility in 
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phenotypic males.®' The sex-determining region 
(SRY) is the key genetic component, normally 
residing on the Y chromosome, that results in 
testicular development, testosterone production, 
and a male phenotype.’ Ninety percent of these 
46,XX men have SRY, which normally resides on 
the distal portion of Yp, translocated to the X chro- 
mosome or an autosome.®? The small number of 
these 46,XX SRY-negative men are believed to 
have undefined genetic abnormalities permitting 
gonadal differentiation.®° 46,XX men are pheno- 
typic males but have smaller testes, decreased 
height, and are uniformly infertile because of the 
absence of other genetic factors found on the Y 
chromosome that are critical for normal spermato- 
genesis, such as the azoospermia factors (AZFa, 
AZFb, AZFc).** Thus, the karyotype is prognostic 
in these patients and the patient is not a candidate 
for microTESE or testis biopsy. 


Other karyotype abnormalities 

Infertile men can have other Y chromosome abnor- 
malities including mosaicism, ring Y, truncated Y, 
and isodicentric Y.°°-°’ Ring Y chromosomes are 
formed by loss of genetic material and circulariza- 
tion of the remaining Y chromosome. Patients with 
ring Y chromosomes should undergo AZF micro- 
deletion assays to determine if these regions are 
present.®” Referral to a genetic counselor is crucial 
in the evaluation of these patients. Robertsonian 
and reciprocal translocations are found more 
commonly in the oligospermic than the azoosper- 
mic population. The key features of kayotypic 
abnormalities are summarized in Table 5. 


Table 5 
Key points for karyotype analysis 


Diagnosis 
Klinefelter Syndrome 47,XXY 
Critical point Most common 
chromosomal 
abnormality (1:600) 
Ancillary points Wide clinical spectrum — 
10%-20% mosaic 
Increased risk of breast 
cancer, non-Hodgkin 
lymphoma 
46,XX Male Syndrome 
Critical point Rare (1;20,000), 
phenotypic men 


Workup 


Karyotype, FSH/LH, total 
testosterone, albumin, 
SHBG, estradiol 


Karyotype, FSH/LH, total 
testosterone, albumin, 


Y Chromosome Microdeletions 


Ninety-five percent of the Y chromosome is con- 
tained in the male-specific region of the Y chromo- 
some or MSY and contains unique genetic material 
for sex-specific embryogenesis such as the SRY. 
However, the Y chromosome does not recombine 
in the same manner as autosomal chromosomes; 
it does contain approximately 8 massive palin- 
dromic sequences that enable maintenance of the 
fidelity of the genetic material on the Y through in- 
trapalindrome homologous arm-to-arm recombi- 
nation.°°°° From an evolutionary standpoint, the 
Y chromosome is highly efficient, containing the 
entire male phenotypic developmental pathway in 
a minimum of DNA.°° However, unlike its auto- 
somal counterparts, it does not have the luxury of 
having 2 copies of critical genetic material and the 
loss of any of its material has reproductive conse- 
quences for men.°' 

Any deviation from the intrapalindromic arm-to- 
arm recombination can lead to ectopic homologous 
recombination.°* Errors occur when 2 spatially 
separated palindromic segments of the Y chromo- 
some are erroneously combined, deleting all the 
intervening genetic material. These losses are 
referred to as microdeletions because they are not 
visible on standard karyotype analysis. 

Loss of portions of the Y chromosome are de- 
tected in roughly 10% of men with NOA and 5% 
of men with severe oligospermia, but significant 
ethnic variations in these rates and the types of de- 
letions exist.4°°°°° Microdeletions are most com- 
mon on the long arm of chromosome Y, Yq, and 
deletions in this are related to spermatogenic 


Treatment 


MicroTESE if azoospermic 
Cryopreservation of sperm 
if severely oligospermic 


Donor sperm 


SHBG, estradiol 


Ancillary points Smaller testes, — 


decreased height 


Abbreviation: SHBG, sex hormone binding globulin. 


failure. The AZF region contains key genes for 
sperm development and has 3 subgroups: AZFa, 
AZFb, AZFc (Fig. 3). Multiple deletions in the 
AZFc areas are the most common, occurring in 
up to 10% of men with NOA and 1:4000 men over- 
all.°°-°8 AZF b/c microdeletions are those in which 
the recombination boundaries encompass both 
the AZFb and AZFc regions.°? Nearly all AZF mi- 
crodeletions occur de novo but, once present, 
they are passed on to all male offspring of an ef- 
fected man making genetic counseling critical.°° 

All the AZF microdeletions have no phenotypic or 
health consequences other than their effect on 
spermatogenesis. The AZFa, AZFb and AZFb/c mi- 
crodeletions remove critical genes for spermato- 
genesis and men with these microdeletions do not 
have sperm. However, with the AZFc microdeletion, 
sperm is found in 70% of men on microTESE.* A Y 
chromosome microdeletion assay is readily avail- 
able as a blood test that can detect AZF microdele- 
tions and should be obtained in all men with NOA or 
severe oligospermia (total motile count less than 5 
million) before any attempts at sperm retrieval. 

The 2 main genes critical for spermatogenesis 
and located in AZFa are USP9Y and DBY or 
DDX3Y. Deletion of both these genes results in Ser- 
toli cell only syndrome and complete absence of 
sperm on microTESE.°°:'°° Deletions in the AZFb 
region causes arrest of spermatogenesis at the 
primary spermatocyte stage.'°' The main genes 
in this region are RBMY1, which codes for a 
testis-specific splicing factor, and PRY, which is 
involved in apoptosis. 102.103 

AZFc microdeletions are not as easily character- 
ized as they range from smaller subdeletions to 
intrachromosomal recombinations and even com- 
plete deletions. 104 Although spermatogenesis can 
still occur in the presence of an AZFc microdele- 
tion, it is markedly reduced and these patients 
are typically azoospermic. Study of AZFc microde- 
letions is further complicated by significant ethnic 
variability depending on the genetic makeup of 
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the haplogroups examined. One of the most 
frequent subdeletions of the AZFc region is the 
gr/gr subdeletion, which removes half the AZFc 
content, but ethnic variability among haplotypes 
has made the study of this subdeletion diffi- 
cult.1°°1°° Like the other AZF regions, AZFc also 
contains genes involved in spermatogenesis, 
DAZ. The DAZ genes are expressed in all stages 
of spermatogenic development. 107:108 

A blood-based assay of the AZF microdeletions 
can yield critical prognostic information before at- 
tempted sperm retrieval, as only men with AZFc 
have the potential for a successful outcome. 100 
Table 6 provides a summary of the key points for 
AZF microdeletions. 

Other genes on the Y chromosome that are 
believed to play a role in spermatogenesis are 
CDY, which regulates DNA transcription through 
acetylation of histones, and TSPY, regulates the 
timing of spermatogenesis by signaling spermato- 
gonia to enter meiosis. '°' Although the exact roles 
of these genes in male infertility remain undefined, 
a study of copy number variants or copies of the 
TSPY gene found that infertile patients had more 
copies of the TSPY.'°° 


Hormone Levels and Epigenetics 


Hormone levels 

Male and reproductive hormone levels are an inte- 
gral part of an infertility evaluation and frequently 
change clinical management.°° Multiple studies 
have demonstrated that levels of FSH, LH, T, 
and AMH in men have significant heritability 
(56% -90% ), but further genetic studies on these 
important biomarkers of reproductive health are 
lacking.°'°? The sex hormone-binding globulin 
(SHBG) gene, located on chromosome 17, has 
been identified as having a possible role in sper- 
matogenesis with shorter SHBG alleles being asso- 
ciated with higher sperm concentrations, but this 
study has not been replicated.* Likewise, studies 


Fig. 3. AZF regions of the Y chromo- 
some. Presence of the AZFa, AZFb 
and AZFc regions on the long arm of 
the Y chromosome with genes rele- 
vant to spermatogenesis highlighted 
above. The numerous palindromic 
sequences within the Y chromosome 
may combine in a myriad of ways and 
AZFa, AZFb, and AZFc are simply 
groups of these aberrant recombina- 
tions that remove specific genes 
TSY is a gene on the short arm of 
chromosome Y that isinvolved in sper- 


matogenesisbut isnot part of the genesin the AZF regions. (From O’Flynn O’Brien KL, Varghese AC, Agarwal A. The 
genetic causes of male factor infertility: a review. Fertil Steril 2010;93:3; with permission.) 
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Table 6 
Key points for AZF microdeletions 


Basics 


Rare RBMY1 PRY 


10% of men with NOA, DAZ 
1:4000 overall 


of FSH receptor polymorphisms, androgen receptor 
gene CAG repeats, and estrogen-related genes 
have not yet translated into clinical assays that can 
assess the complex interplay between the male 
endocrine axis and spermatogenesis.''°-''? Re- 
gardless, refined phenotyping of cohorts of infertile 
men as well as larger-scale studies will hopefully 
allow some of these polymorphisms to be linked 
with clinical outcomes of infertile men. 


Epigenetics 

Epigenetics is defined as alterations of the genetic 
code that do not alter the basic DNA sequence. 
An example would be imprinting, the addition of a 
methyl group to DNA, which changes the regulation 
of transcription and, consequently, gene expres- 
sion.''* Seminal work by Hammoud and 
colleagues, ''° published in Nature in 2009, demon- 
strated that developmental promoters are exten- 
sively hypomethylated in sperm and acquire 
methylation during differentiation. Thus, epigenetics 
plays a critical role in enabling sperm to facilitate 
early embryogenesis. Subsequent work by this 
group has associated spermatic DNA methylation 
changes in imprinted genes with male factor infer- 
tility.""°'"” Although the exact causal relationship 
of this association has not been fully elucidated, 
and conflicting results on the exact role of methyl- 
ation remain in the literature, further investigation 
of this area holds significant promise for unraveling 
the genetic underpinnings of male infertility. 


GENETICS OF MALE INFERTILITY IN 2034 


The state of research in male infertility in 2013 can be 
summarized succinctly by noting that the number of 
potential targets identified by GWAS, microarray 
studies, proteomics, metabolomics, genomics, 
and large cohort and case-control studies have 
failed to translate into any new tangible clinical as- 
says that can classify, prognosticate, or treat male 
infertility.2°''® As previously discussed, much of 
this is due to the inability to use the tools of classic 
genetics, such as pedigree studies, to examine 
male infertility, and the heterogeneous nature of 


Genes Affected 
Rare USP9Y DBY or DDX3Y 


Prognosis 

All will have Sertoli cell only on testis 
biopsy, no sperm 

All will have maturational arrest, no 
sperm 

70% chance of sperm on micro TES, 
rarely sperm in ejaculate 


the condition. This situation is further complicated 
by the lack of reliable animal models for spermato- 
genesis, inability to grow these cells reliably in cul- 
ture, and incomplete phenotyping of most cohorts 
of infertile men.* Currently, most cases of male infer- 
tility are treated medically or surgically; bypassing 
the genetic problem, rather then identifying and 
treating the underlying issue. Although there have 
been tremendous research efforts in this area, the 
results have not yet translated into clinical practice. 

Several key developments will shape the diag- 
nostic and potentially therapeutic genetics of 
male infertility in 2034. First, as the costs of genetic 
tests continue to decrease exponentially, whole- 
genome sequencing, which is currently $3000 to 
$10,000 per sample, will decrease to a price 
whereby it can be routinely used in clinical prac- 
tice. For point of comparison, the first human 
genome sequenced cost $2.7 billion and took 
13 years to complete (http://www.genome.gov). 
Second, the limiting factor in most genetic analyses 
is no longer the cost but the technical knowledge, 
computational power and biological training neces- 
sary to interpret the massive amount of data gener- 
ated. Following Moore’s law, as the price of 
computers continues to decrease and their compu- 
tational power increases, this bottleneck will 
continue to be less of a limiting factor. Application 
of machine learning to genetic data is being 
embraced by startup companies such as Ayasdi 
(www.ayasdi.com) and veteran computer com- 
panies such as IBM (http://www-03.ibm.com/ 
innovation/us/watson/). Machine learning promises 
to yield new insights into genetic data. Third, recent 
work by groups such as ENCODE have started to 
demonstrate that most noncoding DNA is not junk 
but serves to orchestrate a complex interplay of 
transcription factors that regulate transcrip- 
tion.''°-'2" The type of work published by the 
ENCODE team is at the heart of the epigenetic 
changes that have recently been shown to be 
crucial for the role of the sperm in early embryogen- 
esis. Fourth, the male infertility community is begin- 
ning to lay the groundwork to build andrologic 
equivalents of SEER (Surveillance, Epidemiology 


and End Results), the large cancer database that 
can be linked to robust tissue specimen, pheno- 
type, and genotype information for research. 

By 2034, the decreased cost of genetic testing, 
improved computational infrastructure, better un- 
derstanding of transcriptional regulation, and large 
databases will allow for several diagnostic and 
potentially therapeutic genetic modalities related 
to infertility. By studying large populations of men 
who are fertile, infertile, and subfertile, genetic 
markers can be identified that are markers of fertility 
and harbingers of infertility. A semen analysis will 
remain a key component of a male fertility evalua- 
tion but a blood test performed in tandem with the 
semen analysis will be able to quickly scan the 
1000 key genes involved in spermatogenesis and 
the male endocrine axis and identify a man’s repro- 
ductive potential by providing him with an assess- 
ment of his innate genetic reproductive potential. 
Should a man be azoospermic, this assay would 
also provide information about the chances of 
finding sperm on testis biopsy or microTESE. 

Ideally, this evaluation will return a man’s chance 
of conception per month with his partner based on 
a similar assay of some of the key genes involved in 
female reproduction. These tests will also identify 
groups of men who will and will not respond to 
medical endocrine treatments and their ideal 
dosing through pharmacogenomics. Although it is 
possible that some of the identified genes may ul- 
timately be targets for gene therapy, it is unlikely 
that this treatment modality will be widespread in 
2034 because of the complexity of delivery of these 
agents and the necessity of determining the poten- 
tial reproductive consequences of their use. 


SUM MARY 


Statistical genetics holds incredible promise in the 
study of male infertility. Although significant strides 
have been made in understanding the genetics of 
male infertility, most of it remains unknown. 
Currently, our ability to treat male infertility has 
far outstripped our capability to understand its 
root causes. In the future, the benefits of the 
ongoing revolutions in genetic sequencing and 
the processing of this information will likely be real- 
ized so that patients can be provided with answers 
about the nature of their condition as opposed to 
just performing surgery to treat it. 


REFERENCES 


1. Massart A, Lissens W, Tournaye H, et al. Genetic 
causes of spermatogenic failure. Asian J Androl 
2012;14(1):40-8. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Genetics of Male Infertility 


. Visser L, Repping S. Unravelling the genetics of 


spermatogenic failure. Reproduction 2010;139(2): 
303-7. 


. de Kretser DM. Male infertility. Lancet 1997; 


349(9054):787-90. 


. Lazaros L, Xita N, Kaponis A, et al. Evidence for as- 


sociation of sex hormone-binding globulin and 
androgen receptor genes with semen quality. An- 
drologia 2008;40(3):186-91. 


. Aston KI, Conrad DF. A review of genome-wide 


approaches to study the genetic basis for sper- 
matogenic defects. Methods Mol Biol 2013;927: 
397-410. 


. Matzuk MM, Lamb DJ. The biology of infertility: 


research advances and clinical challenges. Nat 
Med 2008;14(11):1197-213. 


. Irie S, Tsujimura A, Miyagawa Y, etal. Single-nucleotide 


polymorphisms of the PRDM9 (MEISETZ) gene in 
patients with nonobstructive azoospermia. J Androl 
2009;30(4):426-31. 


. Miyamoto T, Koh E, Sakugawa N, et al. Two single 


nucleotide polymorphisms in PRDM9 (MEISETZ) 
gene may be a genetic risk factor for Japanese 
patients with azoospermia by meiotic arrest. 
J Assist Reprod Genet 2008;25(11—12):553-7. 


. O'Bryan MK, Grealy A, Stahl PJ, et al. Genetic var- 


iants in the ETV5 gene in fertile and infertile men 
with nonobstructive azoospermia associated with 
Sertoli cell-only syndrome. Fertil Steril 2012;98(4): 
827-35.e1-3. 

Bashamboo A, Ferraz-de-Souza B, Lourenco D, 
et al. Human male infertility associated with muta- 
tions in NR5A1 encoding steroidogenic factor 1. 
Am J Hum Genet 2010;87(4):505-12. 

Harbuz R, Zouari R, Pierre V, et al. A recurrent dele- 
tion of DPY19L2 causes infertility in man by block- 
ing sperm head elongation and acrosome 
formation. Am J Hum Genet 2011;88(3):351-61. 
Hu Y, Wen W, Yu JG, et al. Genetic association of 
UBE2B variants with susceptibility to male infertility 
in a Northeast Chinese population. Genet Mol Res 
2012;11(4):4226-34. 

Hu Z, Xia Y, Guo X, et al. A genome-wide associa- 
tion study in Chinese men identifies three risk loci 
for non-obstructive azoospermia. Nat Genet 2012; 
44(2):183-6. 

Zhao H, Xu J, Zhang H, et al. A genome-wide asso- 
ciation study reveals that variants within the HLA 
region are associated with risk for nonobstructive 
azoospermia. Am J Hum Genet 2012;90(5):900-6. 
Ji G, Gu A, Wang Y, et al. Genetic variants in 
antioxidant genes are associated with sperm 
DNA damage and risk of male infertility in a Chi- 
nese population. Free Radic Biol Med 2012; 
52(4):775-80. 

Ji G, Long Y, Zhou Y, et al. Common variants in 
mismatch repair genes associated with increased 


13 


14 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


Hotaling 


risk of sperm DNA damage and male infertility. 
BMC Med 2012;10:49. 

Okuda H, Tsujimura A, Irie S, et al. A single nucle- 
otide polymorphism within the novel sex-linked 
testis-specific retrotransposed PGAM4 gene influ- 
ences human male fertility. PLoS One 2012;7(5): 
e35195. 

Tuttelmann F, Simoni M, Kliesch S, et al. Copy num- 
ber variants in patients with severe oligozoosper- 
mia and Sertoli-cell-only syndrome. PLoS One 
2011;6(4):e19426. 

Lopes AM, Aston KI, Thompson EE, et al. Human 
spermatogenic failure purges deleterious mutation 
load from the autosomes and both sex chromo- 
somes, including the gene DMRT1. PLoS Genet 
2013;9(3):e1003349. 

Choi Y, Jeon S, Choi M, et al. Mutations in SOHLH1 
gene associate with nonobstructive azoospermia. 
Hum Mutat 2010;31(7):788-93. 

Schlegel PN. Testicular sperm extraction: microdis- 
section improves sperm yield with minimal tissue 
excision. Hum Reprod 1999;14(1):131-5. 
Nicopoullos JD. The results of 154 ICSI cycles us- 
ing surgically retrieved sperm from azoospermic 
men. Hum Reprod 2004;19(3):579-85. 

Hansen M, Kurinczuk JJ, Milne E, et al. Assisted 
reproductive technology and birth defects: a sys- 
tematic review and meta-analysis. Hum Reprod 
Update 2013;19(4):330-53. 

Kong A, Frigge ML, Masson G, et al. Rate of de 
novo mutations and the importance of father’s 
age to disease risk. Nature 2012;488(7412):471-5. 
Wang J, Fan HC, Behr B, et al. Genome-wide 
single-cell analysis of recombination activity and 
de novo mutation rates in human sperm. Cell 
2012;150(2):402-12. 

Kovac JR, Pastuszak AW, Lamb DJ. The use of 
genomics, proteomics, and metabolomics in iden- 
tifying biomarkers of male infertility. Fertil Steril 
2013;99(4):998-1007. 

De Jonge C. Semen analysis: looking for an up- 
grade in class. Fertil Steril 2012;97(2):260-6. 
Lipshultz LI, Howards SS, Niederberger CS. Infer- 
tility in the male. Cambridge (United Kingdom): 
Cambridge University Press; 2010. 

Alvarez C, Castilla JA, Martinez L, et al. Biological 
variation of seminal parameters in healthy subjects. 
Hum Reprod 2003;18(10):2082-8. 

Hotaling JM, Walsh TJ. Male infertility: a risk factor for 
testicular cancer. Nat Rev Urol 2009;6(10):550-6. 
Pietilainen KH, Kaprio J, Vaaralahti K, et al. Circu- 
lating anti-Mullerian hormone levels in adult men 
are under a strong genetic influence. J Clin Endo- 
crinol Metab 2012;97(1):E161-4. 

Kuijper EA, Lambalk CB, Boomsma DI, et al. Heri- 
tability of reproductive hormones in adult male 
twins. Hum Reprod 2007;22(8):2153-9. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Myers RM, Stamatoyannopoulos J, Snyder M, et al. 
A users guide to the encyclopedia of DNA ele- 
ments (ENCODE). PLoS Biol 2011;9(4):e1001046. 
Daniel L, Hartl AG. Principles of population ge- 
netics. 4th edition. Sunderland (MA): Sinauer Asso- 
ciates; 2007. 

Kosova G, Abney M, Ober C. Colloquium papers: 
heritability of reproductive fitness traits in a human 
population. Proc Natl Acad Sci U S A 2010; 
107(Suppl 1):1772-8. 

Galanter J, Choudhry S, Eng C, et al. ORMDL3 
gene is associated with asthma in three ethnically 
diverse populations. Am J Respir Crit Care Med 
2008;177(11):1194—200. 

Bell CJ, Dinwiddie DL, Miller NA, et al. Carrier 
testing for severe childhood recessive diseases 
by next-generation sequencing. Sci Transl Med 
2011;3(65):65ra64. 

Bojesen A, Gravholt CH. Klinefelter syndrome in clin- 
ical practice. Nat Clin Pract Urol 2007;4(4):192-204. 
Vogt PH, Falcao CL, Hanstein R, et al. The AZF pro- 
teins. Int J Androl 2008;31(4):383-94. 

Vogt PH. AZF deletions and Y chromosomal hap- 
logroups: history and update based on sequence. 
Hum Reprod Update 2005;11(4):319-36. 

Gibson G. Hints of hidden heritability in GWAS. Nat 
Genet 2010;42(7):558-60. 

Clarke AJ, Cooper DN. GWAS: heritability missing 
in action? Eur J Hum Genet 2010;18(8):859-61. 
Schultz N, Hamra FK, Garbers DL. A multitude of 
genes expressed solely in meiotic or postmeiotic 
spermatogenic cells offers a myriad of contracep- 
tive targets. Proc Natl Acad Sci U S A 2003; 
100(21):12201-6. 

Yu J, Chen Z, Ni Y, et al. CFTR mutations in men 
with congenital bilateral absence of the vas defer- 
ens (CBAVD): a systemic review and meta-anal- 
ysis. Hum Reprod 2011;27(1):25-35. 

Attardo T, Vicari E, Mollica F, et al. Genetic, andro- 
logical and clinical characteristics of patients with 
congenital bilateral absence of the vas deferens. 
Int J Androl 2001;24(2):73-9. 

Samli H, Samli MM, Yilmaz E, et al. Clinical, andro- 
logical and genetic characteristics of patients with 
congenital bilateral absence of vas deferens 
(CBAVD). Arch Androl 2006;52(6):471-7. 

Southern KW. Cystic fibrosis and formes frustes of 
CFTR-related disease. Respiration 2007;74(3): 
241-51. 

Zielenski J. Genotype and phenotype in cystic 
fibrosis. Respiration 2000;67(2):117-33. 
Wilschanski M, Dupuis A, Ellis L, et al. Mutations in 
the cystic fibrosis transmembrane regulator gene 
and in vivo transepithelial potentials. Am J Respir 
Crit Care Med 2006;174(7):787-94. 

Claustres M, Guittard C, Bozon D, et al. Spectrum 
of CFTR mutations in cystic fibrosis and in 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


congenital absence of the vas deferens in France. 
Hum Mutat 2000;16(2):143-56. 

Uzun S, Gokce S, Wagner K. Cystic fibrosis trans- 
membrane conductance regulator gene mutations 
in infertile males with congenital bilateral absence 
of the vas deferens. Tohoku J Exp Med 2005; 
207(4):279-85. 

Claustres M. Molecular pathology of the CFTR 
locus in male infertility. Reprod Biomed Online 
2005; 10(1):14-41. 

Bareil C, Guittard C, Altieri JP, et al. Comprehen- 
sive and rapid genotyping of mutations and haplo- 
types in congenital bilateral absence of the vas 
deferens and other cystic fibrosis transmembrane 
conductance regulator-related disorders. J Mol 
Diagn 2007;9(5):582-8. 

Shapiro E, Goldfarb DA, Ritchey ML. The congen- 
ital and acquired solitary kidney. Rev Urol 2003; 
5(1):2-8. 

McCallum T, Milunsky J, Munarriz R, et al. Unilat- 
eral renal agenesis associated with congenital 
bilateral absence of the vas deferens: phenotypic 
findings and genetic considerations. Hum Reprod 
2001;16(2):282-8. 

Male Infertility Best Practice Policy Committee of 
the American Urological Association, Practice 
Committee of the American Society for Reproduc- 
tive Medicine. Report on evaluation of the azoo- 
spermic male. Fertil Steril 2006;86(5 Suppl 1): 
$210-5. 

Kamal A, Fahmy |, Mansour R, et al. Does the 
outcome of ICSI in cases of obstructive azoo- 
spermia depend on the origin of the retrieved sper- 
matozoa or the cause of obstruction? A 
comparative analysis. Fertil Steril 2010;94(6): 
2135-40. 

Liu J, Lissens W, Silber SJ, et al. Birth after preim- 
plantation diagnosis of the cystic fibrosis delta 
F508 mutation by polymerase chain reaction in hu- 
man embryos resulting from intracytoplasmic 
sperm injection with epididymal sperm. JAMA 
1994;272(23):1858-60. 

Chandley AC. Chromosome anomalies and Y 
chromosome microdeletions as causal factors in 
male infertility. Hum Reprod 1998;13(Supp! 1): 
45-50. 

Yoshida A, Miura K, Nagao K, et al. Sexual function 
and clinical features of patients with Klinefelter’s 
syndrome with the chief complaint of male infertility. 
Int J Androl 1997;20(2):80-5. 

Yoshida A, Miura K, Shirai M. Cytogenetic survey of 
1,007 infertile males. Urol Int 1997;58(3):166-76. 
Lanfranco F, Kamischke A, Zitzmann M, et al. Kline- 
felter’s syndrome. Lancet 2004;364(9430):273-83. 
Oates RD. Clinical and diagnostic features of pa- 
tients with suspected Klinefelter syndrome. 
J Androl 2003;24(1):49-50. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


Genetics of Male Infertility 


Wikstrom AM, Dunkel L, Wickman S, et al. Are 
adolescent boys with Klinefelter syndrome 
androgen deficient? A longitudinal study of Finnish 
47, XXY boys. Pediatr Res 2006;59(6):854-9. 
Groth KA, Skakkebaek A, Host C, et al. Clinical re- 
view: Klinefelter syndrome-a clinical update. J Clin 
Endocrinol Metab 2013;98(1):20-30. 

Swerdlow AJ, Schoemaker MJ, Higgins CD, et al. 
Cancer incidence and mortality in men with Kline- 
felter syndrome: a cohort study. J Natl Cancer 
Inst 2005;97(16):1204—10. 

Swerdlow AJ, Hermon C, Jacobs PA, et al. Mortality 
and cancer incidence in persons with numerical 
sex chromosome abnormalities: a cohort study. 
Ann Hum Genet 2001;65(Pt 2):177-88. 

Aguirre D, Nieto K, Lazos M, et al. Extragonadal 
germ cell tumors are often associated with Klinefel- 
ter syndrome. Hum Pathol 2006;37(4):477-80. 
Arnedo N. Sperm aneuploidy in fathers of Klinefel- 
ters syndrome offspring assessed by multicolour 
fluorescent in situ hybridization using probes for 
chromosomes 6, 13, 18, 21, 22, X and Y. Hum 
Reprod 2005;21(2):524-8. 

Foresta C, Galeazzi C, Bettella A, et al. Analysis of 
meiosis in intratesticular germ cells from subjects 
affected by classic Klinefelter’s syndrome. J Clin 
Endocrinol Metab 1999;84(10):3807—10. 
Bakircioglu ME, Erden HF, Kaplancan T, et al. Ag- 
ing may adversely affect testicular sperm recovery 
in patients with Klinefelter syndrome. Urology 2006; 
68(5):1082-6. 

Aksglaede L, Wikstrom AM, Rajpert-De Meyts E, 
et al. Natural history of seminiferous tubule degen- 
eration in Klinefelter syndrome. Hum Reprod Up- 
date 2006;12(1):39-48. 

Vicdan K, Akarsu C, Vicdan A, et al. Birth of a 
healthy boy using fresh testicular sperm in a pa- 
tient with Klinefelter syndrome combined with Kar- 
tagener syndrome. Fertil Steril 2011;96(3):577-9. 
Okada H, Goda K, Muto S, et al. Four pregnancies 
in nonmosaic Klinefelters syndrome using 
cryopreserved-thawed testicular spermatozoa. 
Fertil Steril 2005;84(5):1508.e13-6. 

Hinney B, Guttenbach M, Schmid M, et al. Preg- 
nancy after intracytoplasmic sperm injection with 
sperm from a man with a 47, XXY Klinefelter’s kar- 
yotype. Fertil Steril 1997;68(4):718-20. 

Bourne H, Stern K, Clarke G, et al. Delivery of 
normal twins following the intracytoplasmic injec- 
tion of spermatozoa from a patient with 47, XXY Kli- 
nefelters syndrome. Hum Reprod 1997;12(11): 
2447-50. 

Komori S, Horiuchi |, Hamada Y, et al. Birth of 
healthy neonates after intracytoplasmic injection 
of ejaculated or testicular spermatozoa from men 
with nonmosaic Klinefelter’s syndrome: a report of 
2 cases. J Reprod Med 2004;49(2):126-30. 


15 


16 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


Hotaling 


Maiburg M, Repping S, Giltay J. The genetic origin 
of Klinefelter syndrome and its effect on spermato- 
genesis. Fertil Steril 2012;98(2):253-60. 
Ramasamy R, Reifsnyder JE, Husseini J, et al. 
Localization of sperm during microdissection 
testicular sperm extraction in men with nonobstruc- 
tive azoospermia. J Urol 2013;189(2):643-6. 
Sigman M. Klinefelter syndrome: how, what, and 
why? Fertil Steril 2012;98(2):251-2. 

Vorona E, Zitzmann M, Gromoll J, et al. Clinical, 
endocrinological, and epigenetic features of the 
46, XX male syndrome, compared with 47, XXY Kli- 
nefelter patients. J Clin Endocrinol Metab 2007; 
92(9):3458-65. 

Schiebel K, Winkelmann M, Mertz A, et al. 
Abnormal XY interchange between a novel isolated 
protein kinase gene, PRKY, and its homologue, 
PRKX, accounts for one third of all (Y1 )XX males 
and (Y-)XY females. Hum Mol Genet 1997;6(11): 
1985-9. 

Rajender S, Rajani V, Gupta NJ, et al. SRY-negative 
46, XX male with normal genitals, complete mascu- 
linization and infertility. Mol Hum Reprod 2006; 
12(5):341-6. 

Patrat C, Bienvenu T, Janny L, et al. Clinical data 
and parenthood of 63 infertile and Y-microdeleted 
men. Fertil Steril 2010;93(3):822-32. 

Yatsenko AN, Yatsenko SA, Weedin JW, et al. 
Comprehensive 5-year study of cytogenetic aberra- 
tions in 668 infertile men. J Urol 2010;183(4):1636-42. 
Lange J, Skaletsky H, van Daalen SK, et al. Isodi- 
centric Y chromosomes and sex disorders as by- 
products of homologous recombination that 
maintains palindromes. Cell 2009;138(5):855-69. 
Van Assche E, Bonduelle M, Tournaye H, et al. Cy- 
togenetics of infertile men. Hum Reprod 1996; 
11(Suppl 4):1-24 [discussion: 25-6]. 
Mau-Holzmann UA. Somatic chromosomal abnor- 
malities in infertile men and women. Cytogenet 
Genome Res 2005;111(3-4):317-36. 

Skaletsky H, Kuroda-Kawaguchi T, Minx PJ, et al. 
The male-specific region of the human Y chromo- 
some is a mosaic of discrete sequence classes. 
Nature 2003;423(6942):825-37. 

Navarro-Costa P. Sex, rebellion and decadence: 
the scandalous evolutionary history the human Y 
chromosome. Biochim Biophys Acta 2012; 
1822(12):1851-63. 

Simoni M, Tuttelmann F, Gromoll J, et al. Clinical 
consequences of microdeletions of the Y chromo- 
some: the extended Munster experience. Reprod 
Biomed Online 2008; 16(2):289-303. 

Repping S, Skaletsky H, Lange J, et al. Recombi- 
nation between palindromes P5 and P1 on the 
human Y chromosome causes massive deletions 
and spermatogenic failure. Am J Hum Genet 
2002;71(4):906-22. 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


Repping S, Skaletsky H, Brown L, et al. Polymor- 
phism for a 1.6-Mb deletion of the human Y chro- 
mosome persists through balance between 
recurrent mutation and haploid selection. Nat 
Genet 2003;35(3):247-51. 

Viswambharan N, Suganthi R, Simon AM, et al. 
Male infertility: polymerase chain reaction-based 
deletion mapping of genes on the human chromo- 
some. Singapore Med J 2007;48(12):1140-2. 
Carvalho CM, Zuccherato LW, Bastos-Rodrigues L, 
et al. No association found between gr/gr deletions 
and infertility in Brazilian males. Mol Hum Reprod 
2006; 12(4):269-73. 

Reijo R, Alagappan RK, Patrizio P, et al. Severe 
oligozoospermia resulting from deletions of azoo- 
spermia factor gene on Y chromosome. Lancet 
1996;347(9011):1290-3. 

Reijo R, Lee TY, Salo P, et al. Diverse spermato- 
genic defects in humans caused by Y chromosome 
deletions encompassing a novel RNA-binding 
protein gene. Nat Genet 1995;10(4):383-93. 

Ferlin A, Arredi B, Speltra E, et al. Molecular and 
clinical characterization of Y chromosome micro- 
deletions in infertile men: a 10-year experience 
in Italy. J Clin Endocrinol Metab 2007;92(3): 
762-70. 

Mau Kai C, Juul A, McElreavey K, et al. Sons 
conceived by assisted reproduction techniques 
inherit deletions in the azoospermia factor (AZF) 
region of the Y chromosome and the DAZ gene 
copy number. Hum Reprod 2008;23(7):1669-78. 
Nuti F, Krausz C. Gene polymorphisms/mutations 
relevant to abnormal spermatogenesis. Reprod 
Biomed Online 2008;16(4):504—13. 

Vogt PH. Azoospermia factor (AZF) in Yq11: to- 
wards a molecular understanding of its function 
for human male fertility and spermatogenesis. 
Reprod Biomed Online 2005;10(1):81-93. 

Lavery R, Glennon M, Houghton J, et al. Investiga- 
tion of DAZ and RBMY1 gene expression in human 
testis by quantitative real-time PCR. Arch Androl 
2007;53(2):71-3. 

Ferlin A, Moro E, Rossi A, et al. The human Y chro- 
mosome’s azoospermia factor b (AZFb) region: 
sequence, structure, and deletion analysis in infer- 
tile men. J Med Genet 2003;40(1):18-24. 

Ferlin A, Raicu F, Gatta V, et al. Male infertility: role 
of genetic background. Reprod Biomed Online 
2007;14(6):734-45. 

Visser L, Westerveld GH, Korver CM, et al. 
Y chromosome gr/gr deletions are a risk factor for 
low semen quality. Hum Reprod 2009;24(10): 
2667-73. 

Yang Y, Ma M, Li L, et al. Differential effect of spe- 
cific gr/gr deletion subtypes on spermatogenesis 
in the Chinese Han population. Int J Androl 2010; 
33(5):745-54. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


Kee K, Angeles VT, Flores M, et al. Human DAZL, 
DAZ and BOULE genes modulate primordial 
germ-cell and haploid gamete formation. Nature 
2009;462(7270):222-5. 

Teng YN, Lin YM, Sun HF, et al. Association DAZL 
haplotypes with spermatogenic failure in infertile 
men. Fertil Steril 2006;86(1):129-35. 

Vodicka R, Vrtel R, Dusek L, et al. TSPY gene 
copy number as a potential new risk factor for 
male infertility. Reprod Biomed Online 2007; 
14(5):579-87. 

Su MT, Chen CH, Kuo PH, et al. Polymorphisms of 
estrogen-related genes jointly confer susceptibility 
to human spermatogenic defect. Fertil Steril 2010; 
93(1):141-9. 

Lee IW, Kuo PH, Su MT, et al. Quantitative trait anal- 
ysis suggests polymorphisms of estrogen-related 
genes regulate human sperm concentrations and 
motility. Hum Reprod 2011;26(6):1585-96. 
Castro-Nallar E, Bacallao K, Parada-Bustamante A, 
et al. Androgen receptor gene CAG and GGN 
repeat polymorphisms in Chilean men with primary 
severe spermatogenic failure. J Androl 2010;31(6): 
552-9. 

Grigorova M, Punab M, Zilaitiene B, et al. Genet- 
ically determined dosage of follicle-stimulating 
hormone (FSH) affects male reproductive param- 
eters. J Clin Endocrinol Metab 2011;96(9): 
E1534-41. 

Carrell DT. Epigenetics the male gamete. Fertil 
Steril 2012;97(2):267-74. 

Hammoud SS, Nix DA, Zhang H, et al. Distinctive 
chromatin in human sperm packages genes for 
embryo development. Nature 2009;460(7254): 
473-8. 

Hammoud S, Liu L, Carrell DT. Protamine ratio and 
the level of histone retention in sperm selected from 
a density gradient preparation. Andrologia 2009; 
41(2):88-94. 

Hammoud SS, Purwar J, Pflueger C, et al. Alter- 
ations in sperm DNA methylation patterns at 
imprinted loci in two classes of infertility. Fertil Steril 
2010;94(5):1728-33. 

OBrienFlynn KL, Varghese AC, Agarwal A. The 
genetic causes of male factor infertility: a review. 
Fertil Steril 2010;93(1):1-12. 

Dunham I, Kundaje A, Aldred SF, et al. An inte- 
grated encyclopedia of DNA elements in the 
human genome. Nature 2012;489(7414):57-74. 
Sanyal A, Lajoie BR, Jain G, et al. The long-range 
interaction landscape of gene promoters. Nature 
2012;489(7414):109-13. 

Thurman RE, Rynes E, Humbert R, et al. The 
accessible chromatin landscape of the human 
genome. Nature 2012;489(7414):75-82. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 


Genetics of Male Infertility 


Hotaling JM, Lopushnyan NA, Davenport M, et al. 
Raw and test-thaw semen parameters after cryo- 
preservation among men with newly diagnosed 
cancer. Fertil Steril 2013;99(2):464-9. 

Fisch H, Hyun G, Golden R, et al. The influence 
paternal age on down syndrome. J Urol 2003; 
169(6):2275-8. 

Cooper TG, Noonan E, von Eckardstein S, et al. 
World Health Organization reference values for hu- 
man semen characteristics. Hum Reprod Update 
2010;16(3):231-45. 

Franken DR, Oehninger S. Semen analysis and 
sperm function testing. Asian J Androl 2012; 
14(1):6-13. 

Hotaling JM, Davenport MT, Eisenberg ML, et al. 
Men who seek infertility care may not represent the 
general U.S. population: data from the National Sur- 
vey of Family Growth. Urology 2012;79(1):123-7. 
World Health Organization. WHO laboratory 
manual for the examination and processing of 
human semen. 5th edition. Geneva (Switzerland): 
WHO; 2010. Available at: http://Awhqlibdoc.who. 
int/publications/2010/9789241547789_eng.pdf. 
Hammiche F, Laven JS, Twigt JM, et al. Body mass 
index and central adiposity are associated with 
sperm quality in men of subfertile couples. Hum 
Reprod 2012;27(8):2365-72. 

Schoor RA, Elhanbly S, Niederberger CS, et al. The 
role of testicular biopsy in the modern manage- 
ment of male infertility. J Urol 2002;167(1):197—200. 
Ashok S, Sigman M. Bioavailable testosterone 
should be used for the determination of androgen 
levels in infertile men. J Urol 2007;177(4):1443-6. 
Sussman EM, Chudnovsky A, Niederberger CS. 
Hormonal evaluation of the infertile male: has it 
evolved? Urol Clin North Am 2008;35(2):147-55. 
Anawalt BD, Hotaling JM, Walsh TJ, et al. Perfor- 
mance of total testosterone measurement to pre- 
dict free testosterone for the biochemical 
evaluation of male hypogonadism. J Urol 2012; 
187(4):1369-73. 

Kosova G, Scott NM, Niederberger C, et al. 
Genome-wide association study identifies candi- 
date genes for male fertility traits in humans. Am 
J Hum Genet 2012;90(6):950-61. 

Hotaling JM, Kosova G, Ohlander S, et al. 
Genome-wide association study identifies candi- 
date genes for abnormal sperm morphology in 
two cohorts of men. American Urological Associa- 
tion 2013 Annual Meeting. San Diego, CA, May 
4-8, 2013. 

Brandes M, Hamilton CJ, van der Steen JO, et al. 
Severity of oligo-asteno-teratozoospermia no 
longer determines overall success rate in male 
subfertility. Int J Androl 2011;34(6 Pt 1):614-23. 


17 


The Office Visit 


Ryan P. Mith, MD*, Robert M. Coward, MD”, 
Larry |. Lipshultz, MD°* 


KEYWORDS 
EMale infertility [Semen analysis [Assisted reproductive technology [Men's health 


KEY POINTS 


[EA comprehensive history and physical examination remains an essential component of the infertility 
evaluation. 

[ENo single semen analysis parameter is a powerful discriminator of fertility and semen analysis 
reference ranges are not the minimum values required for conception. 

[Endocrine testing is recommended in men with oligospermia, azoospermia, or history and physical 
examination findings suggestive of hormonal abnormalities. 

[EA karyotype and Y-chromosome microdeletion assay are indicated in men with a sperm concentra- 
tion less than or equal to 5 million/mL, nonobstructive azoospermia, or clinical suggestions of an 
abnormality. 

[DNA fragmentation and fluorescent in situ hybridization testing are replacing some of the previously 
used evaluations of sperm function (eg, postcoital test, sperm penetration assay). 


INTRODUCTION men evaluated were found to have male-factor 
infertility. Although the use of assisted repro- 
ductive technology (ART) has steadily increased 
and currently contributes to 1.4% of all births in 
the United States,* the number of male repro- 
ductive procedures performed is on the decline.” 
Men from infertile couples often do not seek evalu- 
ation.® Additionally, couples in which the man has 
significant semen abnormalities are often immedi- 
ately directed toward in vitro fertilization (IVF) 
or other forms of ART, effectively bypassing the 
male evaluation completely. This trend is quite con- 
cerning given numerous recent studies closely 
linking male fertility with overall male health, 
cardiovascular fitness, and the development of 


There is nothing more important to life than repro- 
duction. Infertility is not only a challenging and 
stressful condition for patients and physicians but 
is also major public health concern that results in 
rippling psychosocial effects. It is estimated that 
approximately 7.3 million couples seek infertility 
care annually in the United States.’ Infertility is 
due a male factor alone in approximately 30% of 
these couples, while combined male and female 
factors comprise an additional 20%.” In a study 
from the US Center for Disease Control, 7.5% of 
all sexually experienced men reported seeing a 
physician for a fertility evaluation, and 18.1% of 
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cancer. Moreover, treatable causes of infertility or 
other medical problems are often discovered dur- 
ing the male evaluation. 

There have been dramatic advances in the 
diagnosis and treatment of male infertility during 
the past several decades. Since 1992 with the 
introduction of intracytoplasmic sperm injection 
(ICSI), which allows for conception with only a 
single sperm, there has been rapid growth in the 
understanding of the genetic basis for male infer- 
tility. Examples include the elucidation of the 
relationship between cystic fibrosis mutations 
and congenital bilateral absence of the vas defer- 
ens (CBAVD), as well as the identification of 
Y-chromosome microdeletions. Similarly, micro- 
surgical techniques for sperm retrieval and recon- 
struction have resulted in continued success. 
Considering the latest advances in the evaluation 
of the subfertile man, the goal of this article is to 
describe the essential components of the history, 
physical examination, and laboratory and radio- 
graphic studies in the initial office evaluation, and 
offer our vision of the future in male-infertility 
evaluation. 


THE HISTORY AND PHYSICAL EXAMINATION 
History 


Couples with normal fertility may be counseled 
that pregnancy rates by intercourse are approxi- 
mately 20% to 25% per month, 75% by 6 months, 
and 90% by 1 year.’ Ten percent of fertile couples 
take longer than 1 year to conceive naturally. The 
accepted definition of infertility by the American 
Society for Reproductive Medicine is the inability 
to conceive naturally within 12 months. Despite 
this definition, a basic fertility workup should be 
initiated for any couple desiring one, with concur- 
rent assessment of each partner. It is becoming 
more common that couples delay parenthood until 
after career development, or they may have ques- 
tions or anxiety about their fertility status before at- 
tempts to conceive. For these reasons, a simple, 
cost-effective evaluation should be available for 
attempts at natural conception. This allows for 
earlier diagnosis and treatment of potential prob- 
lems as well as alleviation of anxiety, which itself 
may be therapeutic. 

A thorough, careful, and methodical history is 
necessary for successful diagnosis and treatment 
of male infertility because of the broad potential 
causes, including genetic, congenital, medical, 
surgical, environmental, and even psychosocial 
sources. The key components of the history 
and physical examination in the male-infertility 
workup are summarized in Table 1. The most 
efficient interview is with the couple. Because 


spermatogenesis lasts, on average, 64 days,° 
careful attention to the patient’s history over the 
previous 2 to 3 months, especially recent fevers, 
other illnesses, substance abuse, and gonadotoxin 
exposures. Evaluation should be repeated in 
3 months, if necessary. The history should begin 
with discussion of the duration of the couple’s 
infertility, previous fertility treatments, previous 
pregnancies, and a detailed reproductive and sex- 
ual history, followed by a thorough past general 
medical and surgical history, social history, family 
history, and review of systems.° 

The reproductive and sexual history may begin 
with a survey of the couple’s sexual behavior. 
Infertility attributable to sexual behavior may be 
present in up to 5% of couples.'°'' One of the 
most commonly reported misconceptions is the 
frequency and timing of intercourse around ovula- 
tion.'*'5 The authors recommend that intercourse 
should be performed every other day beginning 
5 days before expected ovulation until 5 days 
after. An inquiry into the use of lubricants, which 
may be spermatotoxic or impair motility, is also 
advised.° 

The history should additionally elicit information 
on past medical and surgical history stemming all 
the way to childhood. Report of genitourinary ano- 
malies, reconstructive surgery, or pediatric illness 
associated with prolonged fevers or hospitaliza- 
tion may prove relevant. A history of pubertal 
mumps orchitis can result in subfertility in 13% of 
men.‘ In utero or childhood exposure to chemo- 
therapy, radiation, or hormones may result in de- 
fects in spermatogenesis.°:'° 

Cryptorchidism can have negative implications 
for fertility even with appropriate timing of surgical 
correction. Despite treatment, 13% and 34% of 
men with unilateral and bilateral cryptorchidism, 
respectively, will demonstrate azoospermia. If left 
untreated, these rates are much higher. '° Surgery 
for testicular torsion or pediatric hernia repair can 
similarly affect future paternity. Childhood hernia 
repairs have been associated with a 26.7% inci- 
dence of vasal obstruction. '” 

Clinicians should also inquire into common dis- 
eases of adulthood, including diabetes mellitus, 
sleep apnea, infectious diseases (eg, HIV, gonor- 
rhea, chlamydia), neurologic disorders, and tra- 
uma. These illnesses may have implications for 
fertility and affect emission, ejaculation, or poten- 
tially result in obstruction of the male reproductive 
system.’ 

Pharmacologic or environmental exposures 
should similarly be addressed. Environmental 
toxins may include synthetic estrogens associated 
with pesticide use, organic solvents in paints or 
inks, ionizing radiation in nuclear power plant 


Table 1 


The Office Visit 


Key components of the history and physical examination 


Reproductive History 
Past and current attempts at pregnancy 
Methods of birth control 
Sexual technique 
Timing of intercourse (ovulatory prediction) 
Use of lubricants 
Menstrual history 
Prior female evaluation 
Sexual History 
Erectile dysfunction 
Hypogonadal symptoms 
Sexually transmitted infections 
Ejaculatory dysfunction 
Childhood Conditions 
Cryptorchidism 
Hypospadias 
Congenital anomalies 
Age at puberty 
Systemic Illnesses 
Fevers or recent illness 
Diabetes 
Spinal cord injury 
Infectious or inflammatory (eg, epididymitis) 
Cancer Treatment 
Chemotherapy 
Radiation 


Surgical History 
Hernia repair or other inguinal surgery 
Scrotal trauma 
Testicular torsion 
Retroperitoneal, pelvic, prostatic or bladder 
Orchiopexy 
TURP 

Family History 
Infertility 
Genetic disorders (eg, cystic fibrosis) 
Consanguinity 


plants, and heavy metals in manufacturing.° These 
agents may result in disruption of hormonal regu- 
lation or have direct toxic effects on spermato- 
genesis. Prescription and recreational drugs can 
also impair sperm production and function. To- 
bacco and nicotine exposure can impair sperm 
concentration, motility, and morphology, and in- 
crease DNA fragmentation rates. Caffeine, 
alcohol, and marijuana similarly have gonadotoxic 
effects, whereas narcotics are known to affect 
gonadotropin secretion, which results in lower 
serum testosterone. '°*' Exposure to exogenous 
anabolic steroids can cause suppression of serum 
gonadotropins and intratesticular testosterone. 
This effect ultimately will result in impaired sper- 
matogenesis. Cessation of steroid use can result 


Medication and Drug Use 


Testosterone, anabolic steroids 

Recreational drugs (eg, marijuana, narcotics) 
Alcohol and tobacco 

Antibiotics 

Immunosuppressants 


Occupational and Lifestyle Exposures 


Chronic heat (eg, laptops) 
Benzene-based solvents 
Pesticides and herbicides 
Heavy metals 


Review of Systems 


Respiratory and sinus infections 
Anosmia 

Galactorrhea 

Visual field deficits 


Physical Examination (general) 


Body habitus (eg, obesity, Klinefelter) 
Gynecomastia 
Secondary sexual characteristics 


Physical Examination (genitalia) 


Penis: hypospadias, chordee, venereal lesions 
Testis: size, consistency, contours, masses 
Epididymis: induration, cysts or spermatoceles 
Vas deferens: agenesis, atresia, granuloma 
Spermatic cord: asymmetry, varicocele 

Rectal examination: cyst, dilated seminal vesicles 
Inguinal examination: surgical scars 


in a reversal of spermatogenic arrest; however, re- 
covery can take up to 2 years, if it occurs at all.°:22 

Recovery of spermatogenesis can similarly be 
unpredictable in patients exposed to the effects 
of chemotherapy and radiation. In patients with a 
history of malignancy, clinicians should inquire 
about the chemotherapeutic agents used, dura- 
tion of treatment, dose, number of cycles, and 
sperm banking. Likewise, patients treated with 
radiation should be queried about dose, duration, 
and any efforts toward gonadal shielding. In 
men presenting with infertility, testis cancer 
and Hodgkin lymphoma are the two most 
common malignancies encountered. Both have 
excellent survival rates; however, each is associ- 
ated with impairment of spermatogenesis.” 
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Chemotherapeutic agents and radiation will pose 
additional detriment to this baseline impairment. 

In addition, patients with testicular cancer may 
have required a retroperitoneal lymph node dissec- 
tion, which can result in sympathetic chain injury 
and retrograde ejaculation or anejaculation. This 
necessitates inquiry into past surgical history, 
which is warranted in all patients presenting for 
infertility. Similar to childhood hernia repairs, vasal 
occlusion rates in adult patients undergoing 
surgery with mesh approach 20% .** 

Solicitation of history from the female partner is 
additionally required. It should include age, history 
of pelvic surgery or infections, known uterine or 
tubal abnormalities, exposure to gonadotoxins, 
and a history of endometriosis or ovulatory irregu- 
larity. Additional relevant history should include 
pregnancies and complications, infertility with 
another partner, cycle length and characteristics, 
coital frequency, sexual dysfunction, pelvic infec- 
tions or surgery, use of prescription or recreational 
drugs, pelvic pain, thyroid dysfunction, dyspareu- 
nia, and hirsutism.7° 


Physical Examination 


As with the initial history, the physical examination 
can reveal information critical to the infertility eval- 
uation. External appearance, such as body habitus, 
can be an indicator of underlying endocrine or 
genetic abnormalities. In addition, impaired matu- 
ration, gynecoid distribution of pubic hair, and gy- 
necomastia may reveal androgen deficiency.’ 
Similarly, location of the urethral meatus should 
be assessed as hypospadias can result in improper 
placement of semen within the vaginal vault and, 
when accompanied with other congenital defects, 
may represent an underlying chromosomal 
abnormality.7° 

Examination of the inguinal and scrotal regions 
should include assessment for scars, testis size 
and consistency, varicocele, and presence of the 
vas deferens and epididymides. Average testicular 
size, which should be measured via orchidometer 
or calipers, is 4.6 cm in length, 2.6 cm in width, 
and 18 to 20 cm? in volume. Diminishment of 
testicular size may be an indication of impaired 
spermatogenesis or androgen deficiency. Palpa- 
tion of both vasa can help rule out CBAVD, and 
consistency of the epididymes can be assessed 
for the presence of induration, epididymal cyst, 
or spermatocele, which may indicate obstruction. 

Examination of the spermatic cord should 
include palpation for varicocele with the patient 
in a standing position performing a Valsalva 
maneuver. Varicoceles represent the most com- 
mon anatomic abnormality identified in infertile 


men.2’ Digital rectal examination allows for the 
evaluation of the prostate, midline cysts, and the 
presence of enlarged seminal vesicles. Transrectal 
ultrasound (TRUS) is required in men with a signif- 
icant finding on digital rectal examination.° 


INITIAL LABORATORY ASSESSM ENT 
The Semen Analysis 


The cornerstone of the initial laboratory assess- 
ment of the infertile man is the semen analysis. 
Given the inherent intraindividual variability in 
semen analysis results, a minimum of two 
analyses is recommended. Patients should be 
given specific instructions regarding collection, 
including an ideal abstinence period of 2 to 
3 days. A shorter abstinence period may affect 
concentration, whereas a prolonged abstinence 
may affect motility. Collection should be done via 
masturbation or with special seminal collection 
condoms lacking spermicidal agents. Transpor- 
tation of the specimen should be at body temper- 
ature with arrival at the laboratory within 1 hour of 
collection.?:7® 

The semen is analyzed regarding its physical 
characteristics, such as pH and viscosity, as well 
as the volume, sperm concentration, motility, and 
forward progression, strict morphology, and the 
presence of round cells. Other investigative para- 
meters may vary by laboratory. The most 
commonly used reference ranges are those of 
the World Health Organization (WHO) with the 
most recent iteration from 2010 (Table 2).7° There 
are many additional specialized tests of sperm 
form and function; however, the traditional semen 
analysis remains the core of the evaluation. The 
remaining tests help to narrow the differential diag- 
nosis and direct treatment. 


The Endocrine Evaluation 


Endocrine causes of male infertility are present in 
less than 3% of cases.°° An endocrine evaluation 
is indicated in men with oligospermia, azoo- 
spermia, or history or physical examination find- 
ings suggestive of hormonal abnormalities. 
Information obtained from the history may include 
complaints of sexual dysfunction, delayed pu- 
berty, or diminished libido, and the physical 
examination may reveal findings of decreased 
androgenization such as gynecomastia. In 
contrast, men with a normal semen analysis do 
not routinely require assessment of gonadotro- 
pins.°° Most endocrinopathies are found in men 
with sperm concentrations of less than 10 million 
sperm per mL. The initial hormone assessment 
should include a serum follicle-stimulating hor- 
mone (FSH) and testosterone.°°°' Morning 


Table 2 
2010 WHO references for semen analyses 


Lower Reference 
Parameter Limit 


Volume (mL) 1.5 
pH [it .2 


Sperm concentration 15 
(10° per mL) 

Total sperm number 39 
(108 per mL) 

Total motility 

Progressive motility 

Strict morphology 
(normal forms, %) 


determinations of testosterone are preferred given 
its well-described diurnal variation. A more 
comprehensive evaluation includes luteinizing hor- 
mone (LH), prolactin, estradiol, free testosterone, 
and sex hormone binding globulin, which should 
be obtained when abnormalities are present on 
the initial evaluation. With assessment of testos- 
terone, FSH, and LH, differentiation between 
hypergonadotropic hypogonadism (primary testic- 
ular failure), hypogonadotropic hypogonadism, 
androgen resistance, and hyperprolactinemia is 
possible. Of note, men with profound hypogonad- 
ism (testosterone <150 ng/dL) or hyperprolactine- 
mia require a pituitary MRI to evaluate for pituitary 
adenoma.° For further discussion of the endo- 
crine evaluation, see an article by Hotaling and 
colleagues, elsewhere in this issue. 


IMAGING IN THE MALE INFERTILITY OFFICE 
EVALUATION 


Ultrasound is the most common imaging modality 
used in the evaluation of male infertility. Scrotal 
color Doppler ultrasound may be used to confirm 
a suspicious diagnosis of a varicocele. Although 
a Clinically significant varicocele is typically diag- 
nosed and graded by physical examination alone, 
the ancillary use of ultrasound may be required in 
patients in whom the physical examination is 
limited. This may include cases of obesity, tight 
or small scrotums, previous surgery, altered anat- 
omy, or inability to tolerate the examination.°*** 
Reversal of blood flow with a Valsalva maneuver 
and the presence of spermatic veins greater than 
3 mm are accepted ultrasound criteria for the diag- 
nosis of varicocele.*° Ultrasonography may also 
identify additional pathologic conditions affecting 
fertility, including testicular tumors, spermato- 
celes, seminal vesicle atresia, ejaculatory cysts, 
and renal disorders associated with CBAVD. 
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In men with CBAVD, TRUS may reveal 
absence of the ampullae of the vas deferens or 
seminal vesicle abnormalities.°° TRUS is also 
frequently used in patients with low-volume azoo- 
spermia, severe unexplained oligoasthenosper- 
mia, palpable abnormalities on digital rectal 
examination, and when ejaculatory duct obstruc- 
tion (EDO) is suspected. EDO can be the result 
of infection or inflammation leading to stenosis, 
compression from median cysts, or atonic or 
enlarged seminal vesicles such as those in pa- 
tients with diabetes and adult polycystic kidney 
disease, respectively.° Visualization of seminal 
vesicles greater than 1.5 cm in anteroposterior 
diameter is considered suggestive of EDO, and 
seminal vesicle aspiration may be performed 
concurrently to confirm the diagnosis.°”°° 

Other imaging modalities, including MRI, are 
used selectively in the evaluation of male infertility. 
MRI may prove valuable in patients with renal, 
seminal vesicle, vasal, urethral, or other pelvic ab- 
normalities not fully visualized with ultrasound. 
MRI is more commonly used in the workup of pro- 
found hypogonadism (testosterone <150 ng/dL) 
and hyperprolactinemia to rule out pituitary 
adenoma. 


INTERPRETATION OF THE INITIAL 
EVALUATION 


Following completion of a thorough history, phys- 
ical examination, initial semen analysis, and an 
endocrine evaluation, if required, a diagnostic 
differential can typically be established. Further 
testing allows for refinement of the diagnosis and 
delineation of treatment options. Much of the 
infertility evaluation can be organized into a sys- 
tematic approach that lends itself to diagnostic 
and treatment algorithms. Semen analysis results 
can be characterized by defects in individual pa- 
rameters, including seminal volume, concentra- 
tion, motility, and morphology, or those involving 
multiple abnormalities. Despite the formation of 
clinical reference ranges for semen analysis find- 
ings,° no single parameter is a powerful discrimi- 
nator of fertility.°° Normal reference ranges are not 
equivalent to the minimum values required for 
conception nor do they reflect the normal refer- 
ence values for sperm concentration in the general 
population. Men with values outside the normal 
ranges may be fertile and those within reference 
ranges may be infertile. °* 


Normal Semen Parameters 


Of men presenting for an initial infertility evalua- 
tion, 30% will demonstrate normal semen param- 
eters.2°*° One may consider further testing in 
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these men because some will show functional de- 
fects, which can impair fertilization. Additional as- 
sessments may include reactive oxygen species 
(ROS) or DNA fragmentation. Further tests, which 
are less commonly used in the modern era of 
ART, include antisperm antibodies (ASAs), the 
postcoital test, sperm penetration assay, hemi- 
zona assay, and acrosome reaction testing that 
may be used in very select cases. These assays 
have fallen out of favor because ICSI is routinely 
used during IVF for couples with male-factor infer- 
tility; therefore, the potential clinical benefit has 
diminished. For further detail on functional assays, 
see an article by Centola, elsewhere in this issue. 
The shifting paradigms in testing for male infertility 
are further delineated in Table 3. 

If functional defects are identified, the possibility 
for treatable causes must be reexamined. If defi- 
ciencies are identified that are not treatable, these 
couples should be counseled regarding IVF with 
ICSI. In those men without functional sperm 
defects, a contributing female factor should be 
ruled out and intrauterine insemination (IUI) or IVF 
may be considered. All men presenting with 
normal semen parameters should be counseled 
regarding coital timing and lifestyle changes, 
such as discouragement of certain lubricants, hot 
tubs, hot baths, and saunas. 


DEFECTS IN ISOLATED SEMEN PARAMETERS 
Seminal Volume Abnormalities 


The lower limit of adequacy for semen volume, 


based on WHO standards, is 1.5 mL (see 
Table 2).2° Complete absence of the ejaculate 
(aspermia) occurs when no antegrade fluid is 


Table 3 
The evolution of the male-infertility evaluation 


Traditional Modern 
Methods Methods 


Routine Strict 
semen analysis morphology 


Light microscopy DNA 
fragmentation 


ASAs Fluorescent in situ 
hybridization testing 

Y-chromosome 
microdeletion assay 


Sperm penetration ROS 
assay 


Hemizona assay Genomic microarrays 


Sperm acrosome — 
reaction 


Postcoital test 


produced during male orgasm. The absence of 
semen may be due to retrograde ejaculation in 
which semen travels through the open bladder 
neck into the bladder. Failure of emission occurs 
when no semen transits through the vas deferens 
and ejaculatory ducts into the posterior urethra. 
Ejaculation may be impaired by neurologic disor- 
ders, such as spinal cord injury and diabetes; the 
use of a-blockers for benign prostatic hypertro- 
phy; or retroperitoneal and colonic surgery that 
resulted in injury to the sympathetic nerves. Ejac- 
ulatory failure should be differentiated from azoo- 
spermia, in which no sperm are present in the 
ejaculate, and from anorgasmia, in which orgasm 
is not reached based on patient report.?® 

Low-volume ejaculates are usually due to 
incomplete collection. Other contributing factors 
may be short abstinence periods, lack of emission, 
EDO, hypogonadism, CBAVD, or partial retro- 
grade ejaculation. In patients at risk for retrograde 
ejaculation and those with ejaculate volumes of 
less than 1.0 mL, a postejaculate urinalysis should 
be performed.?? The finding of greater numbers of 
sperm in the urine than the ejaculate indicates a 
significant component of retrograde ejaculation; 
however, there is no consensus on the minimum 
number of sperm required to be diagnostic of 
retrograde ejaculation.?®3? Any sperm in the post- 
ejaculatory urinalysis is also useful in ruling out 
complete EDO. 

It follows that, in absence of sperm in the post- 
ejaculatory urine, EDO should be suspected. The 
typical semen analysis pattern of complete EDO 
is azoospermic, acidic, low volume, and 
fructose-negative. TRUS can rule out EDO through 
visualization of seminal vesicles less than 1.5 cm in 
anteroposterior diameter.°’ Dilated seminal vesi- 
cles found at the time of TRUS should be aspirated 
for sperm. The presence of millions of sperm under 
microscopic examination of the seminal aspirate is 
diagnostic of EDO.’ The diagnosis of partial EDO 
may be considered in the setting of low volume, 
oligoasthenospermia with normal testis size, and 
hormones. In these patients, the antegrade sam- 
ple typically provides enough sperm for ART, 
although transurethral dilation of the stenotic ejac- 
ulatory ducts can be considered. 


Abnormalities in Sperm Concentration 


Oligospermia 

Attempts to survey populations of men in hopes of 
defining normal or mean sperm density have 
yielded inconsistent results. Similarly, studies 
showing longitudinal changes and diminishment 
of semen quality in large populations have only 
added confusion as to what constitutes a normal 


semen analysis." The WHO defines oligosper- 
mia as a density of less than 15 million/mL sperm 
(see Table 2).7° Eight percent of men presenting 
with infertility will demonstrate oligospermia.*° In 
men with less than 10 million sperm per mL, 
testing of serum FSH and testosterone is advised 
because this will detect most clinically significant 
endocrinopathies.°°*' Varicocele is another com- 
mon finding in men with oligospermia; however, it 
is more commonly associated with combined ab- 
normalities of sperm concentration, motility, and 
morphology.*° 

Men with severe oligospermia, defined as less 
than 5 million/mL, are at increased risk of genetic 
abnormalities. A karyotype and Y-chromosome 
microdeletion analysis should be performed in 
these patients.” For patients with an isolated ab- 
normality in concentration, therapy should be 
directed toward correcting hormonal deficiencies 
and identification of genetic abnormalities. For 
those in whom a cause is not determined, ART 
may be used. 


Azoospermia 

Four percent of men presenting for an infertility 
evaluation will demonstrate azoospermia.7°*° 
The diagnosis of azoospermia can only be estab- 
lished after the specimen is centrifuged at 3000 
g for 15 minutes and the pellet examined.*® 
Following the diagnosis of azoospermia, delinea- 
tion of nonobstructive azoospermia (NOA) versus 
obstructive azoospermia (OA) is necessary. NOA 
is defined by a deficiency of spermatogenesis, 
whereas OA represents adequate sperm produc- 
tion in the setting of ductal obstruction. The phys- 
ical examination can be used to help differentiate 
between these two entities. Testicular size and 
the presence of vasa should be noted. As with 
severe oligospermia, these men require testing 
for an endocrinopathy as well as a karyotype and 
Y-chromosome microdeletion analysis. Men with 
NOA generally exhibit atrophic testes and an 
elevated FSH, indicating failure of spermatogen- 
esis, whereas the finding of normal testis size 
and a normal FSH raises the possibility of 
OA.?®™31 Obstructive causes may include CBAVD, 
vasectomy, EDO, and vasal or epididymal 
obstruction secondary to injury or infection (see 
later discussion). Men found to have CBAVD 
require testing for cystic fibrosis transmembrane 
conductance regulator (CFTR) gene mutations 
(see later discussion). 

In select cases, a testicular biopsy, performed 
as an in-office testicular sperm aspiration (TESA), 
can help differentiate between defects in sper- 
matogenesis and obstruction. In patients with 
NOA, the role of testicular biopsy is most often 
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limited to microsurgical testicular sperm extraction 
(micro-TESE) in conjunction with IVF and ICSI. 
Testicular biopsy as a diagnostic tool to differen- 
tiate NOA from OA was recently questioned in 
men with an FSH greater than or equal to 7.6 
mlU/mL and a testicular long axis less than or 
equal to 4.6 cm because these men are statisti- 
cally most likely to have NOA.*° The problem 
with this approach lies in the inherent variability 
in FSH between laboratories, making these abso- 
lute criteria less useful. 

The presence of normal numbers of sperm on 
biopsy confirms OA. Location of the obstruction 
may be further delineated intraoperatively via 
scrotal exploration and vasal fluid aspiration in 
conjunction with vasal irrigation or contrast vas- 
ography. For further discussion of the surgical 
management of azoospermia, see an article by 
Schlegel and colleagues, elsewhere in this issue. 
In summary, in the azoospermic patient, the 
endocrine and genetic evaluation is imperative in 
directing management. Office TESA may be use- 
ful in select cases. If genetic abnormalities are 
found, referral for genetic counseling should be 
offered before proceeding with ART. 


Abnormalities in motility 
Sperm motility is routinely defined by the percent- 
age of motile sperm and the quality of the move- 
ment of forward progression. WHO criteria 
delineate the normal percentage of motile sperm 
to be 40%, with 32% demonstrating progressive 
motility (see Table 2).27° Low sperm motility is 
observed in 25% of all abnormal semen ana- 
lyses.*° Isolated asthenospermia typically denotes 
a low percentage of sperm demonstrating any 
movement or sperm that have poor forward pro- 
gression. Potential causes include prolonged 
abstinence, partial EDO, genital tract infections, 
pyospermia, ASAs, ultrastructural sperm defects, 
or varicoceles. Asthenospermia associated with 
agglutination suggests the presence of ASAs, 
which may be directly assayed, or leukocytosper- 
mia (ie, excessive white blood cells in the ejacu- 
late). Patients without treatable causes of severe 
asthenospermia are usually directed to ART. Hor- 
monal testing in the setting of isolated astheno- 
spermia is not indicated.7° 

Nonmotile sperm are typically nonviable; how- 
ever, in cases of uncertainty, viability staining 
may be used. Necrospermia is the finding when 
all sperm are nonviable. In some cases, men with 
absent or low (6%-10%) motility and normal-to- 
high viability will have ultrastructural defects. 
These sperm should be examined with electron 
microscopy. The most common disorder associ- 
ated with these ultrastructural abnormalities is 


25 


26 


Snith et al 


primary ciliary dyskinesia, also known as immotile 
cilia syndrome. 7° 


Abnormalities in morphology 

Defects in morphology, also termed teratosper- 
mia, may be due to the presence of varicoceles, 
but more commonly are idiopathic.7° Rare ultra- 
structural defects, including globozoospermia 
(absence of the acrosome), may also be 
found.°°:°' Guzick and colleagues*’ have previ- 
ously demonstrated that the percentage of sperm 
with normal morphology had greater power to 
discriminate between fertile and infertile men 
than concentration and motility. In contrast, 
Nallella and colleagues°* reported that motility 
and concentration provide more accurate informa- 
tion compared with morphology. Almost half of the 
fertile men in the Nallella series, however, pre- 
sented with abnormal morphology, making this 
criteria a less useful discriminator. 

Strict morphology was developed in hopes of 
enhancing the prognostic value of morphologically 
normal spermatozoa. These criteria were originally 
established in 1986 by Kruger and colleagues°° 
and now include a smooth oval head measuring 
3 to 5 mm in length and 2 to 3 mm in width; a 
well-defined acrosome, comprising 40% to 70% 
of the head; an absence of defects of the neck, 
midpiece or tail; and an absence of cytoplasmic 
droplets larger than half the size of the head.°? 

In 2010, the WHO established Kruger strict 
morphology as the new standard reference for 
sperm morphology in comparison to the more 
commonly and historically used light microscopy. 
This new threshold established 4% as the lower 
reference limit of strictly normal forms.*° The pre- 
dictive value of strict morphology in successful 
reproductive techniques has been inconsistent. 
In 1994, Grow and colleagues,°* demonstrated 
IVF fertilization rates of 94% when sperm 
morphology was normal (>14%), 88% with 4% to 
14% normal forms, and 15% when fewer than 
4% of forms were normal. This led the investiga- 
tors to conclude that strict morphology was an 
excellent biomarker of sperm fertilizing capacity, 
independent of motility and concentration. Later 
studies found similar results regarding the predic- 
tive value of strict morphology in IVF with and 
without ICSI°°*® and IUI.°°:°° Other investigators 
have not confirmed these findings.°'°? For 
example, Keegan and colleagues®? found that iso- 
lated teratospermia did not affect IVF outcome 
and concluded that it is not an indication for ICSI. 

A high percentage of sperm in the ejaculate 
must be abnormal before strict criteria can begin 
to predict poor fertilization in these couples, indi- 
cating that abnormal morphology does not always 


equate with abnormal function. Strict morphology 
remains a useful component of the fertility evalua- 
tion, although isolated abnormalities in strict 
morphology should not immediately prompt use 
of IVF. Natural conception and IUI remain possible 
for these couples. 


Multiple semen abnormalities 
Oligoasthenoteratozoospermia (OAT) reflects 
semen analysis abnormalities in sperm density, 
motility, and morphology. Thirty-seven percent of 
men presenting for infertility will have defects in 
two or more semen parameters.”° The most com- 
mon cause of OAT on semen analysis is the pres- 
ence of a varicocele. A varicocele is a clinical 
diagnosis, established by physical examination 
and without the use of ultrasonography. Subclini- 
cal or occult varicoceles found only on scrotal 
ultrasonography are not considered clinically 
‘significant and do not warrant correction.°*** 
Additional causes of OAT may include fever, gona- 
dotoxin exposure, certain medications, cryptorchi- 
dism, and partial EDO.7°:°* 

Varicocele is the most common correctable 
cause of male infertility®® and its therapeutic effect 
extends to all aspects of patients exhibiting OAT, 
with potential improvements in concentration, 
motility, and morphology.°° Further study may 
extend the benefits of varicocele repair to im- 
provements in hypogonadism.°’ Varicocelectomy 
remains relevant in the modern era because it 
has been shown to improve IVF outcomes and 
reduce the complexity of ART.°*:°° For further dis- 
cussion of varicoceles, see an article by Brannigan 
and colleagues, elsewhere in this issue. 


OTHER SEMINAL ABNORMALITIES 
Leukocytospermia 


Leukocytospermia, large numbers of white blood 
cells in the semen, has been associated with ab- 
normalities in sperm motility and function. Using 
traditional light microscopy, distinguishing be- 
tween round cells, which can represent leukocytes 
or immature germ cells, can be difficult. The use of 
immunohistochemical staining or monoclonal anti- 
bodies is required to make this determination.°° 
Pyospermia is defined as greater than 1 million 
leukocytes per mL and it requires evaluation for 
genital tract infection or inflammation. Cytokines 
and ROS released by inflammatory cells can 
impair sperm motility and viability.°’°-’2 Men 
with elevated leukocytes should have a semen 
culture performed, although this test is infre- 
quently positive for significant noncommensal or- 
ganisms.’° Empiric antibiotic therapy is not 
warranted because it generally does not provide 


significant benefit and many commonly prescribed 
antibiotics can have spermatotoxin effects.’*~’° In 
culture-positive patients, antibiotic therapy should 
be provided. In the more common, culture- 
negative patient, nonsteroidal antiinflammatory 
medications and frequent ejaculation are more 
appropriate. In refractory cases, sperm washing 
to remove white cells followed by IUI can be 
successful.’ 


ADDITIONAL SEMEN TESTS 
ROS 


ROS include superoxide anion, the hydroxyl 


radical, and the hypochlorite radical, which are 
important mediators of normal sperm physiology; 
however, they retain the potential to damage 
aerobic cellular systems.” Normal physiologic 
levels are involved in cell signaling, tight junction 
regulation, production of hormones, capacitation, 
sperm motility, zona pellucida binding, and the 
acrosome reaction. When seminal antioxidants, 
such as superoxide dismutase and catalase, are 
depleted, excess ROS levels can adversely affect 
spermatogenesis.” These oxidants impair sperm 
function and motility via peroxidation of sperm 
lipid membranes and the creation of toxic fatty 
acid peroxides. ’° 

Elevated ROS levels can be present in up to 
40% of infertile patients and are less commonly 
seen in normal controls or men with azoo- 
spermia. The presence of high ROS concentra- 
tions can have widespread effects on seminal 
parameters, including impairment of sperm con- 
centration, motility, morphology, and elevated 
levels of DNA fragmentation. "17781-85 Similarly, 
elevated ROS levels have been identified in men 
with impaired fertility and associated varicoceles, 
spinal cord injury, and immunologic infertility.°° °° 
Of note, improvements in ROS levels following 
varicocelectomy have been demonstrated.®°° 
Therapy, however, has been primarily directed at 
increasing levels of antioxidants in the semen us- 
ing nutraceuticals. Unfortunately, most studies 
have been uncontrolled or have indirect end 
points of success. Further research is required 
to determine the optimal composition and prepa- 
ration of antioxidants to protect sperm from 
oxidative stress in vitro.°°-°* For further discus- 
sion on nutraceuticals, see an article by Sabanegh 
and colleagues, elsewhere in this issue. 


DNA Fragmentation 


The stability and integrity of sperm DNA is impor- 
tant for fertilization and resultant embryo deve- 
lopment. These characteristics are normally 
maintained by disulfide cross-links between 
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protamines that allow for condensation and pro- 
tection of chromatin in the nucleus.°*°°°° DNA 
fragmentation refers to denatured and damaged 
DNA, which is not able to be repaired and can 
result from a multitude of factors, including 
abnormal protamination, mutations altering DNA 
compaction, the presence of a varicocele, and 
environmental exposures.°*°°°° Elevated DNA 
fragmentation rates have been shown to be 
more common in infertile men compared with 
fertile donors and can lead to adverse effects on 
reproductive outcomes. These undesired effects 
include impairment of natural conception, IUI, 
and IVF with ICSI.97-10° 

Both direct and indirect assays have been 
developed to quantify sperm DNA fragmentation 
rates. Single-cell gel electrophoresis (comet) and 
terminal deoxynucleotidyl transferase-mediated 
deoxyuridine triphosphate nick-end labeling (TU- 
NEL) are direct assays that analyze the number 
of breaks in the DNA. In contrast, indirect assays, 
such as the sperm chromatin structure assay 
(SCSA), measure the susceptibility of sperm nu- 
clear DNA to acid-induced DNA denaturation in 
situ.'°'"°° Generally accepted abnormal 
threshold values for the SCSA are greater than 
or equal to 25% to 27% in comparison to greater 
than or equal to 36% for TUNEL assays. 104-106 
Sperm DNA damage has been associated with 
recurrent miscarriage and elevated rates of nu- 
merical chromosome abnormalities, and it has a 
close inverse relationship with live-birth rates after 
IVF.1°7-119 Limited studies suggest that sperm 
retrieved from the testicle have better DNA quality 
in men with abnormal levels of DNA fragmentation 
in ejaculated sperm. These data suggest that men 
with high levels of DNA damage in ejaculated 
sperm should be considered for micro-TESE for 
ICSI,82:93,111,112 

Nutraceuticals have also been associated with 
improvements in sperm DNA fragmentation, 
although this has not always translated into im- 
provements in pregnancy rates. In patients with a 
palpable varicocele and an abnormal semen anal- 
ysis, varicocele repair has been shown to result in 
a significant decrease in sperm DNA fragmenta- 
tion rates. This has translated, in some cases, to 
higher spontaneous and ART-associated preg- 
nancy rates.''-''® In general, therapeutic consid- 
erations for the infertile man with elevated DNA 
fragmentation include avoidance of gonadotoxins, 
antioxidant supplementation, treatment of semen 
infection, and varicocele repair.°° Although the 
routine use of DNA fragmentation assays in the 
male-infertility evaluation is debated, it may be 
Clinically useful for most patients, especially those 
couples ultimately pursuing ART.°° 
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Fluorescent in situ Hybridization 


Fluorescent in situ hybridization (FISH) is used to 
assess sperm aneuploidy, which translates to 
increased risks of embryo loss and fetal anoma- 
lies. The most frequent sperm chromosome anom- 
aly in infertile men is diploidy. 116 Up to 6% of men 
with infertility and a normal karyotype have 
increased frequency of meiotic abnormalities in 
their sperm.°''© Current indications for FISH 
testing include couples with recurrent pregnancy 
loss and unexplained, persistent IVF failure. Rates 
of sperm aneuploidy are highest in men with NOA, 
significantly abnormal sperm morphology, ultra- 
structural sperm defects, chromosomal transloca- 
tions, and karyotypic abnormalities.'1°''” FISH 
testing in these men may help assess the relative 
risks of ICSI and to understand whether to pro- 
ceed with ICSI or consider preimplantation genetic 
diagnosis testing. Limitations of FISH include cost 
and lack of testing on the actual sperm used for 
ICSI.1'5"2° Patients found to have elevated rates 
of aneuploidy should be referred for genetic 
counseling. 


THE GENETIC EVALUATION 


It has been suggested that much of what was pre- 
viously categorized as idiopathic infertility may 
have a genetic basis. Even with current testing, 
there are likely genetic aberrations that may be 
contributing to male infertility and remain unrecog- 
nized. Men with oligospermia and azoospermia 
represent 40% to 50% of all infertile men and 
have a known increase in genetic abnormalities.* 
Genetic testing is indicated when the sperm den- 
sity is less than 5 million/mL, NOA is present, or 
there are clinical suggestions of an abnormality. 
The most commonly used tests include a karyo- 
type, Y chromosome microdeletion analysis, and 
cystic fibrosis testing. For additional information 
on genetics and male infertility, see an article by 
Hotaling, elsewhere in this issue. 


Congenital Bilateral Absence of the Vasa and 
Cystic Fibrosis Gene Mutations 


CBAVD is diagnosed on physical examination and 
is usually due to a mutation in the CFTR gene 
located on chromosome 7.'*':'?? Almost all men 
with clinically detected cystic fibrosis demonstrate 
CBAVD. Eighty percent of azoospermic men with 
CBAVD and one-third of men with unexplained 
obstruction will have CFTR mutations. '7°:'24 In pa- 
tients found to have an abnormality on CFTR 
testing, the partner should be screened. Failure 
to detect a CFTR mutation in either partner does 
not exclude the presence of a mutation, which is 


not identifiable by current methods, and therefore 
the progeny of the couple remains at some risk. 
Similarly, it should be recognized that the sensi- 
tivity of CFTR testing varies by ethnicity. Some pa- 
tients may have vasal agenesis due to a non-cystic 
fibrosissnediated embryologic defect, which is 
associated with unilateral absence of the kidney. 
Arenal ultrasound is therefore indicated in patients 
demonstrating vasal abnormalities on examina- 
tion.'° Patients demonstrating CFTR mutations 
should be referred for genetic counseling before 
IVF. 12°-127 For additional information, see an article 
by Hotaling, elsewhere in this issue. 


Karyotype-Associated Abnormalities 


The prevalence of chromosomal abnormalities is 
known to be higher in infertile men and is 
inversely related to sperm concentration. In men 
with azoospermia, the prevalence is 10% to 
15%, whereas in men with severe oligospermia, 
defined as fewer than 5 million sperm/mL, the 
rate approaches 5%. This is in stark contrast to 
men with normal sperm concentrations who 
demonstrate a less than 1% prevalence of 
karyotype-associated abnormalities.'2°'7° In 
azoospermic men, sex chromosome abnormal- 
ities predominate, whereas in oligospermic men, 
autosomal anomalies (ie, robertsonian and recip- 
rocal translocations) are more frequent.'2° Chro- 
mosomal inversions in autosomes 1, 3, 4, 6, 9, 
10, and 21 are also more common in infertile 
men.'°° In light of these findings, men with azoo- 
spermia, severe oligospermia, or clinical evidence 
of a chromosomal syndrome should undergo 
karyotype testing before ART. 

Klinefelter syndrome (KS) represents the most 
common karyotypic abnormality in infertile men 
(47, XXY). KS is present in 11% of men with 
azoospermia and occurs in 1 of 500 live 
births. '7°-1S1:12 Ninety-five percent of affected 
men present in adulthood with infertility, but 
only 25% demonstrate the characteristic gy- 
necomastia, tall stature, and small firm testes.° 
KS results from a meiotic nondisjunction event 
in most cases; however, up to 3% of men with 
KS are mosaic 46,XX/47,XXY. Micro-TESE, 
coupled with ICSI, is a successful strategy for 
most patients with azoospermia and KS. Sperm 
retrieval rates approach 72% per micro-TESE, 
and 69% of men have adequate sperm for 
ICSI.'°" It is imperative to remember that couples 
in which the man has a karyotypic abnormality 
are at a higher risk of miscarriage and the trans- 
mission of chromosomal and congenital defects. 
Referral to a genetic counselor, therefore, is 
warranted. 


Y-chromosome Microdeletions 


Two-percent of normal men exhibit deletions of 
clinically relevant regions of the Y chromosome. 
In contrast, these microdeletions are found in 
7% of men with impaired spermatogenesis. The 
incidence of these microdeletions increases to 
16% in men with severe oligospermia or azoo- 
spermia. 19° These microdeletions are not detect- 
able with standard karyotype testing. Instead, 
they require polymerase chain reaction techniques 
to analyze sequence tagged sites along the Y 
chromosome.°**''°* Within the long arm of the Y 
chromosome (Yq11) are three important regions 
that influence spermatogenesis. These are the 
azoospermia factor (AZF) regions, including 
AZFa, (proximal), AZFb (central), and AZFc (distal). 
There may be other, yet undiscovered, regions 
that contain genes necessary for spermato- 
genesis. Of the three regions, AZFc deletions are 
the most common. They are seen in 13% of men 
with NOA and 6% of severely oligospermic 
men.194136 The deleted in azoospermia (DAZ) 
gene, which encodes a transcription factor pre- 
sent in men with normal fertility, resides in the 
AZFc region. The location of these deletions af- 
fects the likelihood of the presence of spermato- 
genesis and is prognostic in regard to the 
success of micro-TESE. Men with AZFc microde- 
letions have quantitatively impaired spermatogen- 
esis with variable expressions of either severe 
oligospermia or azoospermia. The level of sper- 
matogenesis is typically stable among individuals, 
and micro-TESE with ICSI remains a therapeutic 
option.3>134137 In contrast, deletions of the AZFa 
or AZFb regions portend a very poor prognosis 
for sperm retrieval. '°*:19°:199 

Men with Y-chromosome microdeletions will 
pass the abnormality to their sons who conse- 
quently may also be infertile. Microdeletions of 
the Y-chromosome are not known to have addi- 
tional somatic health consequences or testicular 
abnormalities, although limited data exist.'** 
Therefore, transmission of these microdeletions 
may have unrecognized consequences to 
offspring. Men exhibiting NOA or severe oligosper- 
mia should be offered a Y-chromosome microde- 
letion assay and genetic counseling before 
pursuing micro-TESE for IVF with ICSI. 194 


THE YEAR IS 2034 


The office evaluation in 20 years will continue to 
rely on an effective history and physical examina- 
tion; however, new diagnostic and therapeutic ad- 
vances stemming from the evolving fields of 
genomics, proteomics, and metabolomics will 
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bolster its efficacy. As diagnostic acumen is 
refined by the specificity of these tests, more cou- 
ples will move from idiopathic to defined causes of 
infertility. Treatments resulting from these technol- 
ogies will provide new possibilities for couples 
unable to conceive with current methods. 

In the future, increased recognition of the infer- 
tile man’s long-term health risks will result in higher 
rates of referrals for evaluation. Instead of bypass- 
ing a male evaluation in favor of ICSI, clinicians will 
recognize comorbidities associated with male 
infertility, therefore ensuring appropriate referral 
and evaluation. Augmenting the evaluation of the 
future will be widespread insurance mandates for 
coverage of infertility services. These services, 
which are in some ways a barrier to couples, will 
no longer be exclusive to those with substantial 
financial means. 


Evolving Genomic Assessments 


Current estimates indicate that genetic abnormal- 
ities contribute to 15% to 30% of male infer- 
tility.4°'4" The present genetic evaluation for 
male-factor infertility may include a karyotype, 
Y-chromosome microdeletion assay, and cystic 
fibrosis testing. The genetic evaluation of the future 
will include assessments of much smaller genomic 
regions including single nucleotide aberrations, 
which were previously undetectable. Genetic mi- 
croarrays, developed to evaluate copy number 
variations, gene expression levels, and single 
nucleotide polymorphisms, may help to identify 
the genetic biomarkers of the future. Comparisons 
can now be drawn between relative quantities of 
DNA between samples, allowing for determination 
of gene copy number as a function of chromo- 
somal location.’*' This technique, comparative 
genomic hybridization, can be applied to the entire 
genome using a microarray-based approach. 1*1 
Array-based comparative genomic hybridization 
has identified Y-chromosomal microdeletions, 
copy number variants outside of the previously 
recognized AZF regions, and other candidate 
infertility genes. 141-144 Other infertility-related ge- 
netic biomarker candidates have been identified 
using microarray-based single nucleotide poly- 
morphism analysis. '41:149:146 

Epigenetic modifications, characterized by DNA 
methylation, histone modifications, and chromatin 
remodeling are important regulators of spermato- 
genesis. Changes to the sperm epigenome by 
DNA protamination and methylation, detected by 
the application of microarray technologies, have 
important implications for male fertility. 147 Simi- 
larly, microarray technologies have permitted 
evaluation of spermatozoal RNA. As reviewed by 
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Kovac and colleagues, '*' sperm messenger RNA 
expression profiles correlate with spermatogen- 
esis, sperm motility, germ cell antiapoptotic pro- 
cesses, DNA repair, oxidative stress reduction, 
fertilization, zygote development, and histone 
modification. 149-152 

Applications of microarray technologies to eluci- 
date further these processes may yield new diag- 
nostic and therapeutic advances in male infertility. 
In the future, patients may present with a genetic 
record, perhaps recorded in an embedded micro- 
chip or available on saliva testing, delineating their 
entire genome and allowing for prospective evalua- 
tion of their propensity to infertility and other dis- 
ease states. For those men currently diagnosed 
with idiopathic infertility, a genetic cause may 
now be linked and preemptive or resultant targeted 
therapies used. 


The Role of Proteomics and Metabolomics 


Proteomic analysis refers to the study of the com- 
plete complement of proteins in an organism using 
both protein profiling and functional assess- 
ment. 15° Proteomics, which assesses the resultant 
proteins of gene expression, has had an increasing 
role in fertility research. As with genomics, both 
proteomics and metabolomics offer the potential 
discovery of biomarkers for male fertility beyond 
the standard semen analysis, which is subject to 
significant variability and a poor metric of fertility. 
The advantage of proteomic analysis is that it 
can identify a given protein, assess its quantity, 
and detect a variety of modifications. 141154 Poten- 
tial biomarkers discovered through proteomic 
analysis include heparin-binding proteins, prol- 
actin inducible protein, human serum albumin, 
human cationic antimicrobial protein, and spin- 
dlin1.1°*-'©° Recent, additional applications for 
proteomics have included evaluation of sperm 
proteomes for the development of contraceptive 
targets and assessment of sperm-egg recognition 
and fusion. 141:160-163 

Metabolomics represents the study of cellular 
metabolic products and represents the down- 
stream effects of gene expression. These metabo- 
lites can result from normal physiology or as the 
byproducts of exogenous influences, including 
medications. '*' For male infertility, metabolomics 
has been used to assess oxidative stress, resultant 
ROS, and its influences on spermatogenesis, 164 
embryo viability, °° and ART outcomes. '°°'°° The 
roles of genomics, proteomics, and metabolomics 
will continue to expand as we gain a better under- 
standing of the molecular and genetic mechanisms 
influencing fertility. Our current reliance on semen 
analysis data for the evaluation of the infertile man 


will later be amended by novel biomarkers pro- 
duced by these discoveries. 


Changes in Insurance Coverage and Referral 
Patterns 


Recently, Eisenberg and colleagues? demon- 
strated that a male-fertility evaluation was not 
performed in 18% of surveyed couples when the 
male partner was asked, and this number rose to 
27% when the female partner was questioned. 
This corresponds to a range of 370,000 to 
860,000 men who were not referred for an infertility 
evaluation. In 2001, Kolettis and Sabanegh'°’ 
reported that 6% of all men referred for an infertility 
evaluation harbor significant medical symptoms. 
Previously, Honig and colleagues'®® revealed 
that 1% of all men seen for an infertility evaluation 
had a medical disorder diagnosed at the time of 
that evaluation, including genetic, endocrine, and 
malignant conditions. Of significant importance 
was the revelation that on semen analysis there 
was no pathognomonic finding that could identify 
all men with significant medical conditions. 168 
Other studies have shown that male infertility is 
associated with increased risks of testis and pros- 
tate cancer.16%171 Cardiovascular mortality has 
also been reported to be higher in men who have 
no children, '’* and men with impaired semen pa- 
rameters may be at a higher risk for overall mortal- 
ity.'’° Given the potential negative implications to 
both reproductive success and male health, the 
current environment of infrequent referral for 
male evaluation is staggering. The authors envi- 
sion a future, in 2034, in which every man in an 
infertile couple is referred for appropriate 
evaluation. 

Even when referred, couples face additional bar- 
riers to care, including poor insurance coverage 
and high costs for fertility services. Currently, 
only 15 states currently have laws that require in- 
surers to cover or offer to cover some form of infer- 
tility diagnosis and related treatments. These 
include Arkansas, California, Connecticut, Hawaii, 
Illinois, Louisiana, Maryland, Massachusetts, 
Montana, New Jersey, New York, Ohio, Rhode 
Island, Texas, and West Virginia. These laws vary 
widely in their scope and coverage. '’* One means 
by which some states have expanded care for 
infertile couples is through the passage of fertility 
insurance mandates to guarantee treatment. For 
example, Massachusetts passed an_ infertility 
mandate in 1987. Although it was not the first state, 
it was and is one of the most comprehensive. ' It 
is hoped is that other states will adopt similar 
mandates and expand coverage to more infertile 
couples. Included within these mandates should 


be the insistence that, before ART coverage, a 
qualified specialist evaluate the male partner. 

The impact of the Affordable Care Act on access 
to fertility care remains to be seen; however, cur- 
rent legislation does not expand or provide 
coverage for infertility benefits." The authors 
foresee an environment of insurance coverage 
for infertile couples that expands the accessibility 
of diagnostic and treatment modalities. This will 
help to alleviate the financial burden on infertile 
couples and allow the office evaluation to better 
focus on the reproductive and general health 
care of both partners. 


SUMMARY 


The future of the office evaluation of the infertile 
man will evolve along with advances in technol- 
ogy, defining new diagnostic and therapeutic mea- 
sures. The history and physical examination will be 
combined with novel genetic assessments and 
targeted therapies with hope for a cure, as 
opposed to simply reproductive assistance. The 
efficacy of these new diagnostics will be derived 
from genomics, proteomics, metabolomics, and 
the resultant discovery of new biomarkers. This 
will ultimately allow for minimal reliance on the 
routine semen analysis. Similarly, the progressive 
landscape of male infertility will further incorporate 
the burgeoning fields of informatics, robotics, and 
telemedicine. Advances in these domains will offer 
patients enhanced opportunities for reproductive 
success and expand access to specialist care. 
Actualization of these ambitions will fall to the 
practitioners advocating for and caring for these 
future parents and their children. 
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INTRODUCTION 


Male endocrine assessment is an integral part of 
the evaluation of the infertile couple. This article 
discuss the various modalities available to diag- 
nose endocrinopathies affecting male factor infer- 
tility. Although male endocrine dysfunction is a 
significant part of the evaluation of the infertile 
male, a primary hormonal cause is found in less 
than 3% of infertile men.' Conversely, 30% to 
70% of men with male infertility have some degree 
of concurrent endocrine dysfunction.?° Thus, in 
the treatment of the infertile male, endocrine eval- 
uation has historically been one of the first avenues 
in patients seeking evaluation. As our knowledge 
of male androgenic hormonal dysfunction ex- 
pands, so too will our armamentarium of potential 
treatments. The different physiologic mechanisms 
involved in male infertility are discussed in this 
article, as well as current and promising new treat- 
ments based on an ever-evolving foundation of 
knowledge that may aid the specialist in treatment. 

Although some have denigrated the role of the 
endocrine evaluation in male factor infertility, it is 


Male EEndocrine Dysfunction Fertility E$permatogenesis E-Hypogonadism L'$perm 


Review 


[Endocrine dysfunction, as it pertains to the infertile male, centers around the role of intratesticular 
testosterone, which is. vital. for sperm.growth.and.maturation..This.is.under the primary.control of the 


[Understanding how feedback inhibition in the androgenic axis may cause dysfunction and how the 
subsequent manipulation of these endocrine systems may improve spermatogenesis. 

[Multiple endocrine systems at various levels of the HPG axis act to modulate spermatogenesis. 

[Current treatments focus on increasing intratesticular testosterone, although may expand to other 


only through a rigorous epidemiologic, genetic, 
and environmental assessment of perturbations 
of the male endocrine axis that the causes of 
male infertility will be truly unraveled. As mathema- 
tician Blaise Pascal stated, “we may have three 
principal objects in the study of truth: one to 
discover it when it is sought; another to demon- 
strate it when it is possessed; and a third, to 
discriminate it from the false when it is examined.” 
Currently, endocrine evaluation of the infertile male 
excels at discovering truth when it is sought but 
falls far short from discriminating it from the false 
on further examination. Gross abnormalities can 
be demonstrated such as in hypogonadotropic hy- 
pogonadism but how a myriad of genetic and envi- 
ronmental factors combine to render the male 
endocrine axis incapable of facilitating normal 
spermatogenesis has not been elucidated. 


MALE ENDOCRINE PHYSIOLOGY 


Traditionally, the focus of endocrine physiology in 
the male reproductive system has centered on the 
hypothalamic-pituitary-gonadal (HPG) axis, which 
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constitutes the backbone of current understand- 
ing of the male reproductive system. The interplay 
of various hormone systems with the HPG axis 
may also play a role in its regulation and effects. 
However, as understanding of the depth and limi- 
tations of assessment of the HPG axis has 
evolved, so too has rudimentary understanding 
of the so-called neohormones that may also aid 
in the treatment of male infertility. 


HPG Axis 


Intratesticular testosterone levels are vital to the 
growth and maturation of sperm. High testicular 
concentrations of testosterone are required to 
maintain spermatogenesis,* and intratesticular 
testosterone levels are approximately 40 to 100 
times higher than serum levels. Thus, small varia- 
tions in serum testosterone levels may represent 
massive fluctuations in the intratesticular environ- 
ment. Testosterone is produced primarily by Ley- 
dig cells in the interstitium of the testis. 
Luteinizing hormone (LH) produced from the pitui- 
tary gland is chiefly responsible for steroidogene- 
sis by Leydig cells. LH binds to its receptor, 
which initiates a cyclic adenosine monophosphate 
(cAMP}mediated pathway leading to testosterone 
production and release via mitochondrial and 
smooth endoplasmic reticulum membranes.‘ 
These androgens then diffuse out of the Leydig 
cell structure into capillaries and adjacent tissue 
within the interstitium and surrounding germinal 
epithelium. 

Once in the capillaries, testosterone is quickly 
bound by proteins in circulation, mainly sex- 
hormone binding globulin (SHBG) and to a lesser 
extent albumin. Some testosterone is further 
metabolized by aromatase and 5a-reductase to 
estrogen and dihydrotestosterone, respectively. ' 


Estradiol 


Hypothalamus + pulsatile 


Fig. 1. HPG axis and effects. 
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Serum testosterone is the primary source of hypo- 
thalamic feedback inhibition, whereas estrogens 
modulate gonatotropin secretion in response to 
gonadotropin-releasing hormone (GnRH)'’” in the 
pituitary. 

The hypothalamus produces GnRH in a pulsatile 
manner! in response to input from other parts of 
the brain, various neurotransmitters and neuro- 
peptides, and serum testosterone levels (Fig. 1). 
This pulsatile GnRH then acts on the pituitary 
gonadotropes to produce LH and follicle- 
stimulating hormone (FSH). In addition to the 
influence of testosterone and estrogen on LH pro- 
duction, FSH is further regulated by 2 proteins 
secreted by Sertoli cells in the seminiferous 
tubules. Inhibin, or more accurately inhibin B, 
selectively suppresses FSH production by the go- 
nadotropes, whereas activins stimulate produc- 
tion of FSH.'° Follistatin, which is produced by 
Sertoli cells and, to a lesser extent, germ cells, 
plays a role in local inhibition of activin secretion 
within the testis and regulates germ cell growth 
and division.°'° FSH stimulates Sertoli cells to 
chaperone germ cells throughout spermatogen- 
esis. FSH is not strictly required for spermatogen- 
esis in humans, but it does augment Sertoli cell 
function and, through feedback with Sertoli cells, 
is a core component of optimal testicular function 
(see Fig. 1). 


Nongonadotrope Hormones 


Regulation of androgens is more complex than 
previously believed. The role of prolactin and 
growth hormone (GH), and several other hormones 
that have been implicated in spermatogenic func- 
tion, is discussed in this section. 

In men, prolactin is a peptide hormone produced 
by pituitary lactotropes and in the prostate. '* The 


Testosterone “~~~ 


e, 


Leydig Cells 


Anterior 
Pituitary 


Sertoli Cells 


Inhibin, - 


physiologic role of prolactin in the male remains un- 
clear.'* There is evidence to suggest that prolactin 
may play a role in the physiologic regulation of 
testosterone. 1415 Receptors found on the choroid 
plexus and hypothalamus also suggest there may 
be a more central role in the maintenance of male 
fertility.'° There is evidence to support prolactin 
regulation by factors within the testis and pituitary 
gland.‘°-'” Prolactin may also play a role in sexual 
behavior and activity. 1 However, more commonly 
it does not have an obvious target organ.'° 

GH is produced by somatotropes in the pituitary 
gland.‘ It is primarily regulated positively and 
negatively by hypothalamic secretion of growth 
hormone-releasing hormone (or somatocrinin) 
and growth hormone—inhibiting hormone (or so- 
matostatin), respectively.'° GH production is also 
stimulated by the neuropeptide ghrelin? and by 
testosterone.*' Unlike in females, estrogens may 
not regulate GH release in males.?? Among other 
effects, GH has anabolic properties, such as in- 
creases in muscle mass, protein synthesis, organ 
growth, and gluconeogenesis, as well as catabolic 
effects such as lipolysis.'° GH activates produc- 
tion of insulinlike growth factor 1 (IGF-1) through 
instigation of the JAK-STAT signaling pathway at 
target organs.*' IGF-1 is a member of the insulin/ 
IGF/relaxin subfamily of proteins, which may play 
a role in the regulation of spermatogenesis, and 
is discussed later.7° 

Although most hormonal stimuli on the testis are 
likely from gonadotropes in the pituitary, there are 
probably direct and indirect effects on the testis 
from a different class of hormones altogether. 
The insulin/IGF/relaxin family of proteins is stimu- 
lated by GH from somatotropes in the pituitary, 
as well as indirectly from various other organ sys- 
tems. '° Feedback control of growth hormone pro- 
duction in the pituitary is a complex process, and it 
is unclear how seemingly non-sex steroid feed- 
back plays a role in regulating spermatogenesis. 
However, ghrelin from the stomach and leptin 


Table 1 
Roles of relaxin family hormones 


Name Origin 
Relaxin (H2 relaxin) 


INSL3 Testis (Leydig cells) 


INSL5/INSL6 Germ ceils 


Prostate/seminal vesicles 
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from adipocytes activate GH secretion, and IGF-I 
and IGF-II from the liver inhibit GH production. 19 
Further complicating elucidation of the role of GH 
is paracrine activity of GH within the pituitary itself. 
LH may induce GH release from somatotrophs, 
which could theoretically undergo amplification 
of GH release through autoregulation. Thus, a 
direct GH effect on neighboring gonadotropes 
could lead to LH release inhibition.*4 

Members of the insulin/IGF/relaxin family of pro- 
teins seem to play important adjuvant roles in 
sperm production or function (Table 1). Other 
than IGF-1, only relaxin has been studied in the 
arena of male infertility. Relaxin is produced pri- 
marily in the prostate and/or seminal vesicles.° 
Relaxin may also affect the fertilizing ability of 
sperm, possibly via immune desensitization of 
the female reproductive tract.7° 

Homologs of relaxin include insulinlike peptides 
(INSL). Specific INSL proteins may play roles in 
stimulating and regulating spermatogenesis. 
INSL3 is produced in large quantities by Leydig 
cells.2°-? It readily crosses into seminiferous tu- 
bules, and does not seem to vary by fluctuations 
in the HPG axis.2°7° INSL5 and ISNL6 knockout 
mice show impaired spermatogenesis and INSL6 
gene transcripts are expressed in large amounts 
by meiotic and postmeiotic germ cells in both ro- 
dents and humans.7°7°°° Despite this work, the 
role of INSL in human spermatogenesis remains 
unclear. 

Paracrine factors within the microenvironment 
of the seminiferous tubule are equally, if not 
more complex, regulators of spermatogenesis. 
So-called stem cell factors represent various 
signaling factors believed to induce the progres- 
sion from gonocyte to spermatogonium.*' Germ 
cell-Sertoli cell gap junctions may also have a 
direct influence on the developing spermato- 
cyte.°* Thus, although this discussion is limited 
to global hormonal influences, complex interac- 
tions with paracrine hormone regulators at the 
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cellular level are influential in the growth and matu- 
ration of sperm. 


MALE ENDOCRINE DYSFUNCTION 


Dysfunction within the male endocrine system can 
be elucidated with an understanding of the andro- 
genic hormonal axes. Broadly, these can be clas- 
sified into endogenous and exogenous disruptors 
of endocrine function. 


Endogenous Dysfunction 


Dysfunction within the HPG axis can occur for 
many reasons. To some degree, this is a natural 
consequence of aging, as testosterone levels 
decline with advancing age.** However, as stated 
previously, assayed total testosterone level alone 
is not an accurate marker of androgen activity in 
serum, or by extension in the testis, as circulating 
testosterone exists in a dynamic state of being free 
and bound to circulating proteins such as albumin 
and SHBG. As SHBG increases with age, evalua- 
tion of total testosterone in isolation is prone to er- 
ror (Fig. 2).°* Bioavailable testosterone, or the 
testosterone that is either freely bound or able to 
disassociate with bound SHBG or albumin, be- 
comes a more accurate assessment of true 
testosterone status.°° Ideally, free testosterone 
would be an accurate assessment, and indeed 
the percentage or total amount of free testos- 
terone that is measured from serum is an accurate 
indicator of testosterone status.°° However, most 
commercial assays assess free testosterone by 


Testosterone SHBG 
nMol/L 


Fig. 2. Age-dependent levels of SHBG and testosterone. 


nMol/L 


an indirect enzyme-linked immunosorbent assay 
test, which is notoriously inaccurate, rather than 
performing an equilibrium dialysate that can accu- 
rately determine testosterone status.°” According 
to a consensus of laboratory researchers, calcu- 
lated bioavailable testosterone is the most reliable 
method of assessing testosterone status.°° 
Bioavailable calculators are freely available on 
the Internet, as a smartphone application, or at 
www.issam.ch/freetesto.htm. 

Thus, bioavailable testosterone provides a more 
accurate assessment of a man’s androgenic func- 
tion and may offer insight into other disease states. 
For example, SHBG levels increase not only with 
age but also in disease states such as liver dis- 
ease, collagen vascular disease, and chronic 
ilness.°° SHBG binds and subsequently de- 
creases the amount of testosterone that is avail- 
able to support proper spermatogenesis. 

Male androgenic potential decreases with age, 
and age-associated hypergonadotropic hypogo- 
nadism is the most common associated finding 
with the decrease in sperm counts.*° It seems 
that inherent deficiencies within the sperm itself 
can also contribute to decreased fertility as men 
age.*' Traditionally, it is accepted that testos- 
terone levels start to decrease by 110 ng/dL/ 
decade after the fifth decade of life.** However, 
in certain individuals, this decline starts at an 
earlier age. The number of potential gene activity 
triggers for this early decline is rapidly growing,** 
although no commercially available assay is 
currently available to screen those at risk. 
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Hypogonadotropic hypogonadism is a less 
common reason for testicular dysfunction and hy- 
pospermatogenesis. Hypogonadotropic hypogo- 
nadism can be caused by Kallman syndrome, or 
congenital hypogonadotropic hypogonadism, or 
idiopathic hypogonadotropic hypogonadism 
(IHH). Kallman syndrome may be inherited as an 
X-linked, autosomal dominant, or autosomal 
recessive disorder.** Kallman syndrome may be 
diagnosed with delayed puberty, whereas in 
IHH, puberty may have occurred as a result of 
sufficient stimulation of testicular maturation. Pa- 
tients with IHH may still have attenuated differen- 
tiation of gonocytes within the testes, causing 
oligospermia and even azoospermia.*° The endo- 
crine definition of hypogonadotropic hypogonad- 
ism varies, but generally is accepted as FSH 
and LH values less than 2.5 mIU/mL with 
concomitant hypogonadism.*°:*” Congenital ad- 
renal hyperplasia (CAH) can lead to an increase 
in endogenous androgen, thus causing a hypogo- 
nadotropic state through negative feedback. 
Although not hypogonadal, these patients still 
exhibit oligospermia or azoospermia secondary 
to the hypogonadotropic state. ' 

Although hypergonadotropic hypogonadism is 
most commonly found in late-onset hypogonad- 
ism, when found earlier in life, the possibility of 
chromosomal disorders must be explored. Kline- 
felter syndrome, or the presence of an extra X 
chromosome in an XY male, leads to seminiferous 
tubule sclerosis and consequently increased FSH 
and LH levels.*® FSH levels are often markedly 
increased in these men.' Despite increases in 
LH, plasma levels of testosterone are decreased 
in 50% to 60% of patients.*2 A less common 
cause of hypergonadotropic hypogonadism is XX 
male syndrome, where patients presumably have 
a sex-determining portion of the Y chromosome 
on their X compliment.’ Genetic studies do not al- 
ways corroborate that assumption.°° However, 
endocrine findings are similar to the patient Kline- 
felter syndrome. Although it is possible that these 
patients may have enough AZF region loci to pro- 
duce sperm, as yet there have been no reports of 
sperm being isolated from an XX male.’ Although 
congenital unilateral absence of a testis (either 
secondary to malformation or in utero torsion) 
does not seem to affect fertility potential, there is 
some evidence to suggest that torsion later in life 
may adversely affect semen and testosterone 
parameters.®? 53 

Isolated deficiencies of FSH and LH have also 
been reported. Isolated LH deficiency is a rare 
condition that leads to eunuchoid body habitus, 
large testes, and small volume ejaculates that 
contain few spermatozoa. 1:54 Plasma testosterone 
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is low as expected, although FSH levels are 
normal. Isolated FSH deficiency is also a rare dis- 
order that leads to normal virilization and testos- 
terone levels with low levels of FSH and 
oligospermia or azoospermia. Potential causes 
can be an inherent FSH b-subunit deficiency, an 
idiopathic genetic defect, or excess inhibin B that 
is idiopathic or a result of a granulosa cell tu- 
mor.°?°° Some genetic causes of endocrine 
dysfunction are presented in Table 2. 


latrogenic Dysfunction 


Testicular dysfunction can occur because of 
inborn errors of growth and metabolism as out- 
lined earlier, or from iatrogenic injury. The most 
common form of testicular hypofunction is testos- 
terone replacement therapy. Although there are 
many commercially available forms of testos- 
terone replacement, the increase in serum testos- 
terone levels from any given therapy leads to direct 
inhibition of the HPG axis as well as indirect inhibi- 
tion through peripheral aromatization of estradiol 
as outlined earlier. Thus, the microenvironment of 
the testis is suboptimal for the growth and matura- 
tion of sperm. 

What is surprising is that testosterone replace- 
ment does not always lead to severe oligospermia 
or azoospermia,®” and therefore testosterone 
monotherapy is not completely effective as male 
birth control.” This may be due to sufficient 
endogenous testosterone production allowing for 
spermatogenesis in a few individuals. Some med- 
ications also have steroidomimetic effects. Spiro- 
nolactone may affect semen parameters through 
its antiandrogenic effects.” Opioids cause direct 
inhibition of the HPG axis and therefore can sup- 
press testosterone levels.©° Dose and duration ef- 
fects of spermatogenesis remain unclear.°' 
Phytoestrogens in foods such as soy likely do 
not play a significant role in oligospermia or azoo- 
spermia,°* although dietary testosterone replace- 
ment can.°° 

Testicular causes of androgen deficiency are 
rarely a direct consequence of nonhormonal med- 
ical treatment. Chemotherapy regimens are usu- 
ally unlikely to cause permanent dysfunction in 
the interstitium of the testis, as this represents 
the most resistant moiety of the testicular appa- 
ratus.' However, damage to the germinal epithe- 
lium can have more lasting effects. Previous 
testicular sperm extraction (TESE) or microTESE 
can lead to hypogonadism as a result of direct 
injury to the interstitium.°* This leads to further 
attenuation of the endocrine microenvironment 
within the testis, which can further decrease sperm 
counts. 
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Table 2 
Causes of genetic endocrine dysfunction 


Name Karyotype or Gene Endocrinopathy Fertility Phenotype 


Klinefelter syndrome 47 XXY Hypergonadotropic Nonobstructive Highly variable, mood/learning 
hypogonadism azoospermia disorders, eunuchoid habitus 
Noonan syndrome 46 XY Possible hypergonadotropic Diminished with Short stature, web bed neck, 
hypogonadism cryptorchidism congenital heart defects, 
learning problems 
Kallmann syndrome (or KAL1 (X-linked) Hypogonadotropic Azoospermia Midline facial defects, anosmia 
idiopathic hypogonadotropic FGFR1, PROKR2, PROK2 hypogonadism in Kallmann 
hypogonadism) (autosomal dominant) 
Congenital adrenal hyperplasia 21 hydroxylase deficiency Adrenal androgen excess, Variable fertility Infant salt-wasting syndromes, 
(most common) glucocorticoid deficiency virilization/precocious 
puberty 
Glutathione-Stransferases GSTs (GSTM 1, GSTT1, GSTP1) No known possible Possible idiopathic Variable susceptibility to toxins/ 
gene polymorphisms susceptibility infertility carcinogens 
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Obesity contributes to endocrine dysfunction in 
a variety of ways.°° Estrogen excess from periph- 
eral aromatization in adipose tissue can lead to a 
direct inhibitory effect on pituitary function and 
therefore spermatogenesis.’ Abnormalities in the 
metabolism of IGF-1 may lead to direct impair- 
ment in spermatogenesis. Other relaxin family 
peptides may also be attenuated in obesity, thus 
adding to direct inhibition of spermatogenesis.°’ 
Glucocorticoid excess, which can occur with 
certain forms of obesity, can lead to pituitary 
dysfunction among gonadotropes.®® This is usu- 
ally seen in the setting of Cushing syndrome, in 
which glucocorticoid excess can not only sup- 
press LH function but may also have a direct 
contributing role in hypospermatogenesis or matu- 
ration arrest.°° Obesity can also cause an increase 
of testicular temperature and, although not an 
endocrine source of dysfunction, this can lead to 
hypospermatogenesis nonetheless. ’° 

The complete list of medical conditions that 
can affect fertility is long. Any effect on vascular 
function can adversely affect testosterone levels 
and thus reflect the decreasing quality of the 
intratesticular environment, leading to a de- 
crease in semen parameters.”' It is unclear how 
some of these medications mediate endocrine 
dysfunction. ”? 


ENDOGENOUS INFLUENCES FROM OUTSIDE 
THE HPG AXIS 


In addition to the host of endogenous and exoge- 
nous factors listed earlier, there are endocrine 
factors beyond the HPG axis that may affect 
spermatogenesis. Although prolactin is part of a 
basic workup provided by some andrologists to 
evaluate endocrine dysfunction, clinically signifi- 
cant prolactin-secreting tumors in men are rare, 
with macroadenomas (greater than 1 cm) result- 
ing in prolactin levels typically greater than 
50 ng/mL.‘ The much more common mild in- 
crease in prolactin is of questionable significance, 
because it may be caused by medications as well 
as a host of medical conditions. Dopamine ago- 
nists can lead to significant increases in prolactin 
that may affect spermatogenic function.’* Thus, 
we do not recommend routinely checking prolac- 
tin levels in asymptomatic infertile men. 

Thyroid abnormalities have also been associ- 
ated with male infertility.” Proposed mechanisms 
include alterations in sex steroid metabolism, 
testicular and pituitary developmental abnormal- 
ities, changes in SHBG, and increased levels of 
estradiol.’ However, most men diagnosed with 
thyroid abnormalities do not have infertility, either 
before or after treatment.” There may be an 
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increase in abnormalities from hyperthyroidism 
versus hypothyroidism.” Congenital forms of se- 
vere hypothyroidism may lead to global develop- 
mental abnormalities and thus failure of proper 
development of the HPG axis.” Thyroid abnor- 
malities, if present, often lead to oligospermia 
and not azoospermia. 


Growth Hormone 


Although there has been an increase in the body of 
literature to suggest that GH may play a more sig- 
nificant role than previously imagined with endo- 
crine dysfunction in fertility, clinical data are 
lacking. Part of the difficulty in assessing GH has 
been the difficulty in identifying a reliable method 
of measuring secretion patterns as they may relate 
to fertility. ° However, measurement of IGF-1 
levels as a surrogate for GH activity does provide 
some insight. One study investigated initial GH 
treatment followed by a washout period, and sub- 
sequent treatment with pegvisomant (an IGF-1 in- 
hibitor). Results showed an initial increase in IGF-1 
and estradiol with GH, and decrease with pegvi- 
somant, which suggests that GH/IGF-1 may in- 
crease aromatase activity, and thus excess GH 
may actually inhibit spermatogenesis. Acro- 
megaly may inhibit spermatogenesis.°' However, 
larger studies are needed to elucidate the causal 
relationship, as relaxin family peptides have been 
shown to positively affect spermatogenesis as 
detailed earlier in the article. 


TREATM ENT 
Conservative Therapy 


Endocrine manipulation in male infertility starts 
with eliminating possible endocrine disruptors. 
On a population scale, there has been a large 
focus of research on micropollutants in the envi- 
ronment (common water supplies, food sources, 
and so forth) that may be contributing to an overall 
decline in population male fertility.°*°° These 
studies have largely focused on the elimination of 
steroid mimetics from common food and water 
supplies. It is unclear how big a role environ- 
mental endocrine disruptors play on a population 
scale, as there are conflicting data within certain 
populations about the decline of male fertility.°° 
On a population-based scale, elimination of the 
disruptors mentioned in the previous section may 
help endocrine dysfunction and overall fertility. 
However, on an individual scale, 1 of the more 
recent offenders has been the increase in phyto- 
estrogen use. Because many so-called testos- 
terone boosters have been more commercially 
available than in years past, the infertile patient 
must be queried about the use of these 
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nutriceuticals. Many commercially available die- 
tary supplements contain significant levels of 
plant phytoestrogens that are homologs of testos- 
terone and estrogen.®° Although no large study 
has been conducted to determine the overall ef- 
fects of steroidomimetic dietary boosters on 
male infertility, animal models have shown a 
dose-dependent relationship between dietary 
phytoestrogens and spermatogenesis.°° 

The most common endocrine disruptor studied 
in male fertility has been obesity.®” As detailed in 
the previous section, obesity causes multiple ef- 
fects on the endocrine system not limited to a sim- 
ple increase in estrogen. Weight loss theoretically 
can aid the many effects of obesity not limited to 
endocrine dysfunction, and can improve overall 
semen parameters.®° However, clinical data are 
lacking, as only small case series have demon- 
strated a reversible effect.°° With larger scale 
studies underway, more insight into the true 
benefit on overall fertility may be demonstrated.°° 

Thus, lifestyle modifications and elimination of 
exogenous steroids or steroidomimetics account 
for a significant part of an overall treatment pro- 
gram. It is important to do a thorough history to ac- 
count for dietary supplements as well as known 
androgen use, as many patients are simply un- 
aware of the effects of these supplements and 
therefore may not voluntarily admit to their use.°' 
Regardless, testosterone supplementation seems 
to be reversible. In 1 study, sperm counts returned 
to normal in 98% of men on testosterone undeco- 
noate at 12 months, and the rest in a 3-month 
follow-up window.°’ However, these studies are 
largely based on testosterone as a possible con- 
traceptive, and usually only on a 2- to 3-year win- 
dow of medication (30 months in Gu and 
colleagues’ study®’). This situation may not be 
representative of a population that was initially hy- 
pogonad before treatment and therefore possibly 
subfertile. Thus, the authors recommend concom- 
itant use of endocrine treatment as outlined in the 
next section and not simply cessation of the exog- 
enous testosterone. 


Table 3 
Simplified treatment scheme 


Condition 
Exogenous T, or Leydig cell tumor Y Y 


Hypogonadotropic hypogonadism Y Y 
(eg, Kallman) 


GnRH LH _ FSH 


Pituitary Stimulation 


As detailed earlier, the main treatment paradigm 
with regard to male fertility centers around the 
HPG axis. We use a morning endocrine profile us- 
ing testosterone, SHBG, albumin (the latter 2 to 
calculate bioavailable testosterone) as well as 
FSH, LH, and estradiol for reasons summarized 
in previous sections. Prolactin is sometimes as- 
sessed when history and physical examination 
dictate as detailed earlier. Likewise, if there is evi- 
dence of thyroid dysfunction by history and/or 
physical examination, then a thyroid panel is 
performed. 

Pituitary stimulation of the testis remains a main- 
stay of endocrine treatment. A simplified version of 
treatment is summarized in Table 3. Specific medi- 
cation choice depends on the hormone profile in 
the individual patient. Clomiphene and tamoxifen 
are selective estrogen receptor modifiers (SERMs) 
that are commonly used to treat endocrine 
dysfunction in male infertility.°? By allowing for se- 
lective inhibition of estrogen at the level of the pitu- 
itary, both FSH and LH levels increase. This 
subsequent increase in gonadotropic hormones 
leads to an increase in intratesticular testosterone 
and therefore a more favorable microenvironment 
within the testis for sperm growth and matura- 
tion.’ Thus, in patients with primary or secondary 
hypogonadism and oligospermia, clomiphene has 
been used as monotherapy in the hypogonadal 
male to achieve normal semen parameters and 
subsequent pregnancy.°* We suggest a starting 
dose of 25 mg daily that can be titrated up to 
100 mg daily pending morning endocrine measure- 
ments of testosterone. As clomiphene is normally 
distributed in 50-mg tablets, a starting dose of 
50 mg every other day is acceptable. Using criteria 
delineated in the previous section, a calculated 
bioavailable serum level of testosterone of 
210 ng/dL is used as a soft target for sufficient 
testosterone production in the testis but we only 
treat men who have a bioavailable testosterone 
level less than 155 ng/dL. 


Testosterone Treatment 


Remove source 
hCG/hMG 


Pituitary tumor (eg, prolactinoma) Y Y 


Testicular failure (eg, Klinefelter [ 
syndrome) 


Abbreviation: hMG, human menopausal gonadotropin. 


Cabergoline surgery 


Testosterone 
Fertility: consider anastrozole 


In patients with nonobstructive azoospermia 
(NOA), clomiphene has been used as well. Con- 
current increase in testosterone in the microenvi- 
ronment of the testis may lead to sufficient 
sperm in the ejaculate. In 1 study, clomiphene 
manipulation resulted in a 64.3% sperm retrieval 
rate in the ejaculate.°° However, other studies 
have failed to show an improvement.°° Evidence 
exists to support endocrine manipulation before 
TESE/microTESE to improve the overall success 
of the procedure. In 1 study, clomiphene adminis- 
tration resulted in a 57% yield with microTESE in 
affected patients.°’ 

Endogenous estrogens may limit the efficacy of 
clomiphene treatment, both by direct inhibition at 
the level of the pituitary and effects at the level of 
the testis, as delineated by Hussein and col- 
leagues.°” Aromatase inhibitors may be used in 
patients with a testosterone to estradiol ratio less 
than 10:1 and spermatogenic to counter direct 
estrogenic effects.°° Aromatase inhibitors, such 
as anastrazole, directly limit estrogen feedback 
to the pituitary, thus increasing production of 
FSH and LH. Aromatase inhibitors have been 
used successfully to increase testosterone pro- 
duction and increase spermatogenesis in carefully 
chosen individuals.°° Similar to clomiphene, in 
patients with NOA and hyperestrogenemia, endo- 
crine manipulation before TESE/microTESE has 
demonstrated increased yield of sperm.°° 

Because aromatase inhibitors directly decrease 
estradiol feedback to the pituitary and decrease 
estrogen load within the testes, they are used as 
first-line therapy for individuals with abnormal 
testosterone/estradiol ratios. However, as aroma- 
tase inhibitors have been associated with osteo- 
porosis in women, there is a theoretic increased 


Anastrozole, 


Testolactone, | __ 
Letrozole 


aromatase 


Anterior 


Pituitary 


Clomiphene, / 
Tamoxifen metabolites 


Testosterone < 
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risk with long-term use in the men because estra- 
diol levels may be more directly linked to osteo- 
porosis in men as well.'°°'°' Thus, we do not 
advocate use past a couple’s desired reproduc- 
tive years. Both clomiphene and aromatase inhib- 
itors are off-label uses for male fertility, although 
enclomiphene (a recently patented isomer of 
clomiphene) is in phase 3 trials for the treatment 
of hypogonadism while preserving fertility. 1°? 

As SERMs and aromatase inhibitors are effec- 
tive and relatively inexpensive, they constitute 
first-line agents for the treatment of endocrine 
dysfunction in the hypogonadal infertile male. 
However, in cases of true hypogonadotropic hy- 
pogonadism or in men with paradoxic decreases 
in testosterone with treatment, direct testos- 
terone stimulation may be necessary; this is usu- 
ally achieved with the LH homolog human 
chorionic gonadotropin (hCG). hCG 2000 IU sub- 
cutaneously 3 times a week is usually sufficient to 
achieve desired testosterone levels,'°° but a 
practical titration is up to 10,000 IU split 2 to 3 
times over the course of a week, because hCG 
is often dispensed in 10,000 IU vials. In acquired 
hypogonadotropic hypogonadism, hCG may be 
sufficient to induce spermatogenesis.'°* How- 
ever, in congenital forms, a 6-month titration is 
often followed by use of recombinant FSH 
(rFSH) or an FSH analogue human menopausal 
gonadotropin.'°° The usual dose is 37.5 IU or 
75 IU 3 times a week as the usual metered vial 
contains 75 IU. Even in acquired hypogonado- 
tropic hypogonadism, however, combination 
hCG/FSH analogues may be more effective 
than hCG alone in stimulating spermatogen- 
esis.'°° The sites of action of various treatments 
are presented in Fig. 3. 


Fig. 3. Stes of action of treatment. hMG, human menopausal gonadotropin. 
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Aside effect profile of medications is provided in 
Table 4. Laboratory tests are usually checked 
2 weeks after initiation of treatment.°? It is particu- 
larly important to check testosterone, bioavailable 
testosterone, and estradiol to determine the effi- 
cacy of treatment, and determine the need to 
add adjuvant therapy. According to the Endocrine 
Society Guideline, any male receiving testosterone 
replacement therapy should have prostate- 
specific antigen (PSA) and hemoglobin levels 
checked every 3 to 6 months after initiation of 
treatment for the first 2 years of treatment, as 
well as yearly liver enzymes, and every 6 to 
12 months thereafter.'°’ We thus check PSA and 
hemoglobin every 4 months for the first year as 
well as testosterone and estradiol (if on an aroma- 
tase inhibitor) to assess treatment response. Lab- 
oratory tests are checked every 4 months for 
1 year, and then annually thereafter for mainte- 
nance surveillance. Semen analyses are initially 
checked at 3 months after treatment, as outlined 
earlier. A treatment algorithm is presented in 
Fig. 4. 


FUTURE THERAPY 


An understanding of the genetic underpinnings of 
male androgenic hormonal dysfunction will likely 
be the key to unlocking targeted therapies for idio- 
pathic male infertility. Rapid advances in third- 


Table 4 
Treatments and side effects 


Type Name 


generation and fourth-generation sequencing 
technology as well as robust epidemiologic data- 
bases that can leverage pharmacogenetic data 
to understand how an individual’s genetic profile 
determines response to therapy may allow us 
leverage gene therapy and individualized hormon- 
al replacement to guide therapy for the infertile 
male. 


Gene Therapy 


Gene therapy is 1 of the frontiers of modern med- 
icine. A viral vector can be used as a delivery de- 
vice to reconstitute a key missing promoter 
sequence encoding a vital protein for cellular func- 
tion. Although a detailed discussion on the molec- 
ular mechanisms involved with different vectors is 
beyond the scope of this review, successful trans- 
fer of genetic material in murine testicular lines has 
been achieved.'°° Currently, the limiting factor in 
the evolution of gene therapy for the infertile 
male is our rather pedestrian knowledge of the 
genetic loci involved in spermatogenesis. ‘°° 
Furthermore, gene therapy will also require 
target-specificity within the testis, as it may be 
difficult to affect testis and/or spermatozoa 
without affecting the germline.''° Although still in 
its infancy, gene therapy could potentially facilitate 
sperm production in azoospermic men. 

The seminiferous tubule is also an immune priv- 
ileged site.’ Testis immune privilege is important 


Side Effects 


SERMs Clomiphene citrate Induces an increase in blood pressure; permanent and 
irreversible hair loss; severe depression and anxiety 


Headaches; nausea; blood clots; lowered libido 


Bone thinning and weakening; bone and joint pain; 
nausea; hot flashes; weakness; fatigue 

Bone pain; excessive nausea, vomiting, or thirst 

Dizziness, fatigue, and hot flashes; muscle and joint 
pain; significant decrease in sex drive; decreases the 
levels of good HDL cholesterol and increase levels of 
bad LDL cholesterol; osteoporosis 


Blood clots; early puberty in boys; headache; swelling 
or weight gain; irritability; and depression 
rFSH Headache; nausea; vomiting; mild stomach/abdominal 
pain; bloating; redness/pain at the injection site; or 
breast tenderness/pain 
hMG Marked enlargement to the breasts and an 
uncomfortable enlargement of the prostate; nausea; 
acne; hair loss; fatigue; mood changes 
Acne; enlargement of penisand testes; growth of pubic 
hair; increase in height (rapid) 


Tamoxifen 


Aromatase inhibitors Anastrozole 


Testolactone 
Letrozole 


Gonadotropins hCG 


Menotropins 


Abbreviations: HDL, high-density lipoprotein; hMG, human menopausal gonadotropin; LDL, low-density lipoprotein. 
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Algorithm for Endocrine Manipulation in Male Infertility 


Morning Endocrine Profile (serum labs before 10 AM) 


— LH, FSH, Testosterone (T), sex-hormone binding globulin, albumin (the latter two to calculate bioavailable 
testosterone), estradiol 


— prolactin if symptomatic 


Bioavailable testosterone (BAT) 
<210 ng/dl, T:E2 ratio <1:10 


Congenital or acquired 
ypogonadotropic 

pogonadism 
SERM (e.g. domiphene 25 
mg daily, titrate q 2 weeks 
to achieve BAT by 50 
mg increments up to 100 
mg daily) 


razole 1 mg 
|, recheck T, E2 2 


Recheck Semen 
analysis 3 months 


HOG 2000 IU 3x/ 
titrated up to 10000 
IU/week 
® Consider hMG/rFSH 
75 IU 3x/week 


BAT <210 ng/dL, T:E2>1:10 


Symptomatic 
prolactinemia, 
prolactin>50 ng/ml 


MRI brain r/o 
macroadenoma, 
stop dopamine 
agonist if possible 


Empiric Treat 
domiphene thyroid 


25 mg daily dysfunction 


MRI negative or not 
operative canddate 


Cabergoline 0.25 mg 
twice/week to max dose 1 
mg 2x/week 
m Alt: aromatase 
inhibitor or SERM 


Fig. 4. Algorithm for treatment of endocrine dysfunction. E2, estradiol; ICS, intracytoplasmic sperm injection; 


MRI, magnetic resonance imaging. 


for preventing a detrimental immune response 
against the autoimmunogenic germ cells.'°° 
Because of the special tolerogenic properties of 
Sertoli cells, they have been used as a model for 
cell-based gene therapy not limited to the 
testis.‘'’ Although this makes the Sertoli cell an 
ideal candidate for cell-based gene therapy, it 
also can be genetically engineered for reimplanta- 
tion within the testis for xenogenic transplantation 
that may one day pave the road for optimizing 
local paracrine and global hormonal response in 
the testis. 117112 


Autologous Hormone Replacement 


The possible in vivo models of testosterone 
replacement are another promising frontier in 
male infertility that may eventually aid in spermato- 
genesis. The development of tissue-engineered 
testicular prosthesis, which can slowly release 
testosterone by forming a scaffolding of cartilage 
and injecting testosterone periodically within the 
prosthesis, has already been demonstrated as 
viable in mice models. ''* 

Gonadocytes by definition are a natural popula- 
tion of theoretically immortal cell lines that are 


essential for normal testicular function. The other 
natural advantage of the testis is the germinal ep- 
ithelia’s immune privileged status, as detailed 
earlier. This allows for recent success with tissue 
grafting and spermatogonial stem cell transplanta- 
tion.114 With advances in the ability to identify 
native gonadocytes in the azoospermic male, ‘'® 
it may be possible to create an adequate scaf- 
folding and hormone milieu to reimplant in a 
more favorable testicular environment for autolo- 
gous spermatogenesis. 


SUMMARY 


Endocrine dysfunction plays a critical role in the 
infertile male. Understanding of traditional HPG 
axis hormones, as well as other hormonal axes, 
is vital for the reproductive urologist to have a clear 
understanding of how to improve clinical out- 
comes. Therapy focuses on intratesticular testos- 
terone production and elimination of endocrine 
disruptors. With greater understanding of novel 
hormone systems, future therapies may be devel- 
oped to improve outcomes further. Microbiolog- 
ical techniques may lead to the next quantum 
leap in treatment, fulfilling the dream of sustained 
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intratesticular hormone production that may elimi- 
nate the need for medications to treat dysfunction 
or azoospermia. 
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KEY POINTS 


tion, and airborne pollution levels. 


[trends that may negatively affect male fertility include increased cell phone use, obesity rates, 
opioid and marijuana use, and global surface temperature. 
Erends that may positively affect male fertility include decreased cigarette use, alcohol consump- 


Et is important for providers and patients to recognize and manage modifiable risk factors that can 


improve fertility potential for men. 


INTRODUCTION 


Reports of decreasing semen quality have prom- 
pted interest in the potential impact of environ- 
ment and lifestyle on male reproductive potential. 
Over the past 40 years there have been dramatic 
changes in factors that have been potentially 
associated with changes in semen parameters. 
These factors include the introduction and rapid 
growth of cell phone use, a steep increase in 
consumption of opioids and marijuana, and the 
increase in the worldwide population of cigarette 
smokers.* Moreover, obesity rates have rapidly 
increased? and physical activity rates and levels 
of environmental pollution have decreased.* 
Meanwhile, global surface temperatures have in- 
creased substantially.° 

This article reviews the putative effects that 
personal health factors (diet, exercise, obesity, 
and psychological stress), substances of abuse 
(alcohol, cigarettes, marijuana, anabolic steroids, 
and opiates), and environmental factors (radiofre- 
quency electromagnetic radiation, pollution, and 
heat) may have on semen parameters and male 
fertility. It also reviews trends over time for each 


factor and extrapolates to make predictions 
regarding the likely impact of these factors on 
male fertility 20 years from now. 


PERSONAL HEALTH FACTORS 


Several factors relating to general health and 
well-being have been extensively studied for their 
effects on male reproductive potential, including 
diet, exercise, obesity, and psychological stress. 


Diet 


Evidence suggests that male fertility (as well as 
female fertility) is decreased by men being either 
overweight or underweight (as defined by body 
mass index [BMI]>25 kg/m? and BMI<20 kg/m?, 
respectively). Healthy diet and regular exercise 
are therefore both recommended to maintain 
BMI between 20 and 25 kg/m?. 

Dietary fat has been shown to adversely affect 
semen quantity and quality.’ A recent study of 
222 healthy men recorded diet, semen analysis 
(SA), physical examination, and BMI. Diets catego- 
rized as high in fish, fruit, vegetables, legumes, and 
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whole grains were associated with significantly 
better sperm motility compared with diets catego- 
rized as high in red meat, processed meat, pizza, 
sugary drinks, and sweets. Other semen parame- 
ters were similar between groups. A similar small 
study of 30 infertile men who presented to a repro- 
duction clinic found that these men had diets lower 
in fruits and vegetables, and higher in red meat 
and milk intake, compared with fertile controls.® 
To further define the relationship of fat intake 
with decreased SA parameters, Attaman and 
colleagues? reported that men with high dietary 
saturated fat had decreased total sperm count 
and sperm density. However, omega-3 fats were 
shown to be positively correlated with healthy 
sperm morphology. More recent data have con- 
firmed that omega-3, as well as omega-6, fatty 
acid intake is associated with improved total 
sperm count, semen motility, and morphology. '° 
In addition to dietary fat causing adverse semen 
parameters, reactive oxygen species (ROS) have 
been reported to decrease sperm-oocyte fusion 
and loss of semen motility. A 2010 meta-analysis 
reviewed 17 randomized trials of oral antioxidant 
supplementation (vitamins C and E, zinc, sele- 
nium, folate, carnitine, and carotenoids) on preg- 
nancy rate and semen parameters. Most of the 
included studies (82%) showed either or both of 
an increase in sperm quality or pregnancy rates af- 
ter oral induction of antioxidant therapy.'' Specific 
effective antioxidants include carnitine, vitamin C, 
glutathione, selenium, and coenzyme Q10. ‘2 
Studies on the effect of caffeine on fertility reach 
varied conclusions. A large Danish study of more 
than 2500 men correlated caffeine intake with 
semen quality and found that high caffeine intake 
(defined as >800 mg/d) was associated with 
decreased sperm concentration and total sperm 
count compared with non-caffeine drinkers. 1° 
Phytoestrogens or xenoestrogens are plant- 
derived nonsteroidal compounds that can mimic hu- 
man estradiol (E2) and bind to estrogen receptors. ' 
Soy, legumes, and soy-based foods such as tofu, 
soya beans, oils, and seeds have been shown to 
adversely affect multiple SA parameters and sper- 
matogenesis.'° In contrast, another study found 
that low or high intake of soy protein had no effects 
on semen parameters.'° The paucity of well- 
designed human studies on male infertility in relation 
to phytoestrogens makes drawing conclusions 
difficult. 


Exercise 


As noted earlier, maintaining a BMI between 20 


and 25 kg/m? is recommended to maintain optimal 
male fertility potential. Regular exercise is 


important, along with healthy diet, to prevent over- 
weight or underweight body habitus. In addition to 
maintaining an optimal BMI, physical exertion has 
also been shown to have a relationship with 
testosterone (T) levels, thereby indirectly relating 
to fertility. 

An observational study showed that moderately 
physically active men had significantly increased 
follicle-stimulating hormone (FSH), luteinizing hor- 
mone (LH), and T levels compared with sedentary 
controls.” This finding is expected, given that 
high T levels have been widely associated with 
increased energy and muscle strength. However, 
some reports have found that moderate-intensity 
endurance training results in increased free and 
total T levels in young healthy men shortly after 
exertion.'®:'° Other studies have found that there 
is no T level increase following exercise when cor- 
rected for exercise-induced increases in plasma 
levels.2°?' Studies are needed to determine 
whether exercise yields increases in T and FSH 
on a longer-term basis. 

In contrast with the unclear impact of moderate 
exercise, data suggest that vigorous exercise re- 
sults in decreased T levels. Steinacker and col- 
leagues** found that competitive rowers had 
unexpectedly low T levels. Another study of com- 
petitive athletes found that doubling the distance 
of cycling and running for 2 weeks resulted in a 
17% decline in serum T concentration.2° High- 
intensity endurance runners (>160 km [100 miles] 
per week) had a 31% reduction in free and total 
serum T after 2 weeks of unusually vigorous 
training and, similarly, another study showed that 
athletes’ T levels significantly decreased after their 
training intensity was doubled over short periods 
of time.2*° In addition, a randomized controlled 
study of long-term endurance treadmill use on 
the hypothalamus-pituitary-testis (HPT) axis 
randomized 286 men to either moderate or in- 
tensive exercise groups. There was a significant 
decrease in LH, FSH, and T concentrations in 
the high-intensity group as well as decreased 
semen motility, density, and morphology.”° 


Obesity 


The rate of obesity in reproductive-aged men has 
tripled in the past 30 years; during the same time 
period there has been a concomitant increase in 
male infertility.* However, no definitive relationship 
between the two entities exists. Controlled studies 
have reported conflicting results concerning the 
relationship between obesity and fertility potential. 
Although one study of 2139 men observed no 
reduction in sperm count among obese men 
compared with normal-weight controls?’ and 


another study of 2110 men failed to identify a rela- 
tionship between BMI and any sperm quality pa- 
rameters,’ a third study of 1558 young Danish 
men found that overweight men had a reduced 
sperm concentration and total sperm count (22% 
and 24%, respectively) compared with men of 
normal weight.2° However, there are conflicting 
studies regarding the impact of obesity on male 
infertility. A study by Qin and colleagues? of 990 
fertile men recruited from the Chinese general 
population found that being overweight may be a 
protective factor against low sperm concentration 
and low total sperm count. 

Although studies of the association between 
BMI and semen parameters have yielded conflict- 
ing results, there seems to be a negative relation- 
ship between obesity and fertility outcomes. A 
review of the Danish National Birth Cohort identi- 
fied a dose-response relationship between 
increasing male BMI and subfecundity (defined 
as a total time to pregnancy of more than 
12 months), with an odds ratio of 1.2.°' These find- 
ings also apply to couples undergoing assisted 
reproduction. For example, among couples under- 
going intracytoplasmic sperm injection, the odds 
of live birth in couples with obese male partners 
has been reported to be 84% lower than the 
odds in couples with men with normal BMI.°2 
More recently, Bakos and colleagues** reported 
an association between increased paternal BMI 
and a decrease in blastocyst development, clinical 
pregnancy rates, and live birth outcomes. Keltz 
and colleagues* reported that male BMI greater 
than 25.0 kg/m? was associated with a signifi- 
cantly lower clinical pregnancy rate (63.2% vs 
33.6%), with the likelihood of clinical pregnancy 
following n vitro fertilization significantly reduced 
if the male partner was overweight (odds ratio, 
0.2) on multivariate analysis. 

In summary, the relationship between obesity 
and male fertility is complex and multifactorial, 
making it difficult to distinguish correlation from 
causation. However, the available data suggest 
that, although a consistent relationship between 
BMI and semen parameters has not been 
shown, high BMI does seem to be linked with 
a negative impact on fertility outcomes.°° Until 
prospective randomized trials provide a defini- 
tive answer, it is prudent to recommend weight 
loss for obese men with otherwise unexplained 
infertility. 


Psychological Stress 


Psychological stress has long been implicated as 
a cause of idiopathic male factor infertility and 
several studies have described a correlation 
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between stress and impaired SA parameters. 
Men have been shown to have a significant 
decrease in sperm concentration and semen qual- 
ity during stressful examination periods, °° times of 
war,” periods of self-reported stress,°° following 
stressful situations at work,°° following the recent 
death of a close family member,*° and following 
2 or more recent stressful life events.*" In a study 
that assessed various psychological traits of 
male partners of infertile couples attending an 
infertility clinic, Zorn and colleagues’? docu- 
mented a significant relationship between the level 
of sperm concentration and the World Health 
Organization (WHO) Well-being Index score, with 
each successive score number correlating with a 
7.3% increase in sperm concentration. 

Infertility is itself a well-known psychological 
stressor,*? and it remains unclear to what extent 
stress is a cause, as opposed to a result, of 
impaired fertility potential. Although no studies 
have entirely attributed infertility to psychological 
stress, emotional and mental state is likely to be 
a relevant clinical issue for men with fertility prob- 
lems. Identification and reduction of psychological 
stress has been associated by some studies with 
improvement of SA parameters®> but is also 
important as an aspect of overall patient care for 
many subfertile men. 


SUBSTANCES OF ABUSE 


Various substances with potential for abuse exert 
untoward effects on spermatogenesis and sperm 
function characteristics. The prevalence and 
magnitude of reproductive effects are outlined 
later for these agents, including ethanol, ciga- 
rettes, marijuana, anabolic steroids, and opiates. 


Alcohol 


Excessive alcohol consumption has been pro- 
posed as a risk factor for male infertility. Studies 
have linked ethanol to central action at the level 
of the hypothalamus, where it blocks secretion of 
gonadotrophin-releasing hormone (GnRH) and 
cleavage of GnRH precursor pre-pro-GnRH to a 
functionally active GnRH hormone.**** This pro- 
cess results in reduction of LH and FSH, with sub- 
sequent spermatogenic impairment.** Ethanol has 
also been shown to exert a direct inhibitory effect 
on the pituitary by blocking LH production and 
secretion.*° These effects may explain the 
abnormal semen parameters observed in men 
who drink heavily. Animal studies have also 
elucidated the deleterious effects of ethanol at 
the level of the testis. Zhu and colleagues*’ postu- 
late that the Sertoli cells are the first testicular cells 
to be insulted by ethanol consumption. Transferrin 
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protein and mRNA were increased in rats that 
imbibed ethanol. Martinez and  colleagues*® 
exposed mice to 120 days of chronic oral ethanol 
consumption and noted significant reduction in 
testosterone and LH levels compared with con- 
trols. On histologic examination, the testes of 
mice in the alcohol arm were characterized by an 
abundance of lipid droplets, vacuoles, dilatation 
of the blood vessels, and a variation in seminal 
vesicle diameter. Other studies in mice have 
shown testicular atrophy, degeneration of sperm 
cells, decreased lumen of seminiferous tubules,*® 
and increased rates of apoptosis” resulting from 
alcohol consumption. 

In men, the relationship between ethanol con- 
sumption and infertility seems to be dose de- 
pendent. Consuming more than 8 drinks per 
week has been reported to decrease fecundity in 
men, with the most commonly reported semen 
parameter being teratospermia.°° Pajarinen and 
colleagues*' categorized alcohol intake on a spec- 
trum as defined by daily intake of less than 40 g, 
40 to 80 g, 80 to 160 g, and more than 160 g. Sper- 
matogenic arrest and Sertoli cell-only syndrome 
showed a direct correlation with daily dose depen- 
dence, and daily imbibing of more than 40 g 
of ethanol per day showed an increase in sper- 
matogenic disorders. A Dutch study showed that 
E2/T ratio increased and semen characteristics 
worsened after a 5-day alcohol binge in a cross- 
sectional study.’ Semen parameters were 
adversely affected by both chronic consumption 
of excessive alcohol doses and by excessive acute 
alcohol binges. 

The threshold level of alcohol consumption re- 
quired to adversely affect SA parameters remains 
unclear.°° Although the effect of ethanol on human 
spermatogenesis seems to be dose dependent, a 
European study of more than 10,000 couples 
found that high alcohol consumption (greater 
than 8 drinks/wk) was associated with reduced 
fecundity, but moderate intake was not. The best 
available evidence shows that alcohol intake and 
infertility are linked only with high levels of con- 
sumption (>8 drinks/wk or >40 g alcohol daily, 
depending on the study).°'°° 


Cigarette Smoking 


Despite mounting evidence concerning the multi- 
ple hazards to human health posed by cigarette 
smoking, the population of cigarette smokers 
globally is increasing and now approaches one- 
third of the worldwide population in individuals 
aged 15 years and older.* Although the exact 
mechanism has not yet been established, ciga- 
rette smoking is a well-known cause of male 


subfertility.* Proposed mechanisms for this effect 
include compromised delivery of oxygen to the 
testis and interference with the high metabolic 
requirements of spermatogenesis, as well as 
oxidative stress related to the large number of 
known mutagens and metabolites in cigarette 
smoke (including radioactive polonium, cadmium, 
benzopyrene, carbon monoxide, tar, naphthalene, 
and aromatic hydrocarbons).”:°° 

Several studies have shown that cigarette smok- 
ing is associated with a decrease in sperm concen- 
tration, lower sperm motility, and a reduced 
percentage of morphologically normal sperm.” In 
the largest meta-analysis to date, Li and col- 
leagues pooled data from 57 studies and 
concluded that smoking is associated with deterio- 
ration of multiple SA parameters in both fertile and 
infertile men, including semen volume, sperm den- 
sity, total sperm count, percentage of sperm pro- 
gressive motility, and percentage of normal 
sperm morphology. These results were consistent 
with a prior meta-analysis that similarly linked re- 
ductions in sperm density and motility to cigarette 
smoking.°° However, these effects seem to be 
reversible, as shown by Santos and colleagues.°© 
In this report, smoking cessation for 3 months led 
to an increase in sperm count (29 million vs 72 
million per ejaculate), motility (79% vs 33% ), vitality 
(60% vs 20% necrotized), and the number of grade 
A spermatozoa recovered after swim-up (3 million 
vs 23 million per ejaculate). 

The degradation of SA parameters related to 
cigarette use is further compounded by the detri- 
mental effect of smoking on sperm vitality, seminal 
zinc (an important antioxidant) levels, sperm DNA 
integrity, and semen reactive oxygen species.°’ 
In a review of 160 fertile men, Taha and col- 
leagues” found that fertile nonsmokers showed 
significantly higher progressive sperm motility, 
hypo-osmotic swelling (HOS) test percentage, 
and seminal zinc levels, as well as significantly 
lower sperm DNA fragmentation percentage and 
seminal ROS levels compared with fertile smokers. 
The number of cigarettes smoked per day and 
smoking duration were both positively correlated 
with seminal ROS and sperm DNA fragmentation 
percentage and negatively correlated with sperm 
count, motility, normal forms percentage, HOS 
test, and seminal Zn levels. Elsewhere it has 
been shown that the levels of bulky DNA adducts 
are almost 2-fold higher in current smokers than 
in never smokers,°® that the rate of sperm aerobic 
respiration is significantly lower in smokers,°° that 
smoking for more than 10 years or greater than 
20 cigarettes/d negatively affects sperm DNA 
integrity and nuclear maturation,°° and that the 
zona-free hamster oocyte sperm penetration 


assay is markedly impaired in smokers compared 
with nonsmokers.°' 

Although the pathophysiologic mechanisms are 
not yet fully elucidated, the available evidence 
overwhelmingly shows that cigarette smoking im- 
pairs male reproductive potential. In light of the 
numerous other untoward adverse health effects 
brought on by smoking, physicians should advise 
their patients to quit smoking as a critical compo- 
nent of preserving or restoring fertility potential. 


Marijuana 


Marijuana has the highest rate of use in the United 
States among all illicit drugs surveyed by the 
National Survey of Drug Use and Health, with 
20%, 11%, and 5% of all men aged 26 to 34 years, 
35 to 49 years, and 50 years and older, respec- 
tively, reporting use of marijuana in the past 
year.' The frequency of marijuana abuse in these 
peak reproductive age groups is clinically signi- 
ficant given this drug’s negative effects on male 
reproductive physiology. 

Marijuana contains the cannabinoid delta-9- 
tetrahydrocannabinol (THC), which blocks luteiniz- 
ing hormone-releasing hormone (LHRH) release 
from the hypothalamus and LH production by the 
adenohypophysis.' The central blockade of the 
hypothalamic-pituitary-gonadal (HPG) axis in men 
resulting from THC produces a dose-dependent 
reduction in plasma T levels°? that may take as 
long as 3 months to resolve after cessation. 18° 
Clinical manifestations of chronic use can include 
gynecomastia, impaired libido, erectile dysfunction 
(ED), and ejaculatory dysfunction.°* °° 

Within the testis, marijuana reduces T produc- 
tion and interferes with the spermatogenetic pro- 
cess. In animal models, chronic administration of 
THC impairs spermatogenesis at both mitotic 
and meiotic stages, with mature sperm showing 
severe morphologic defects.°° These findings are 
mirrored in humans, with more than one-third of 
chronic marijuana users having oligospermia. ' 
This effect is magnified by THC also activating 
endocannabinoid receptors on sperm, thereby 
inhibiting the capacitation-induced acrosomal 
reaction and reducing sperm motility in a dose- 
dependent manner.' Although human studies are 
scarce, and those that do exist are limited by their 
observational nature, the available evidence sup- 
ports the concept that marijuana use, whether 
illicit or prescribed, has a detrimental effect on 
male reproductive potential. 


Anabolic Steroids 


The lifetime prevalence of anabolic androgenic 
steroid (AAS) use in men is estimated to be 
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between 3.0% to 4.2% and an estimated 56% of 
users have never revealed their AAS use to a 
physician.’ Most AAS abusers are young men in 
their reproductive years who may be unaware of 
the reproductive consequences of their actions. 
Exogenous hormonal steroids inhibit spermato- 
genesis by suppressing the HPG axis®*°’ and 
decreasing the intratesticular testosterone levels. 
Anabolic steroids exert a negative feedback effect 
on the hypothalamus and pituitary, thus limiting 
the release of FSH and LH and in turn decreasing 
testicular T synthesis. Hypogonadism (HG) associ- 
ated with AAS abuse is usually reversible within 3 
to 6 months of discontinuation, but recovery has 
been reported to take as many as 3 years and oc- 
casionally may be irreversible. 16° 

On histopathology, AAS have also been shown 
primarily to produce Leydig cell alterations, ac- 
counting in part for the observed decrease in 
testicular T synthesis. However, specific end- 
stage spermatogenesis impairment with a lack of 
advanced forms of spermatids has also been re- 
ported.°° This manifests clinically as oligosper- 
mia/azoospermia, testicular atrophy, and an 
increased percentage of morphologically ab- 
normal sperm.' Following AAS discontinuation, 
Leydig cells proliferate but counts generally 
remain less than normal, accounting for delayed 
recovery of T levels and occasional irreversible 
effects of AAS.°° 


Opiates 


Nonmedical use of prescription narcotics such as 
hydrocodone and oxycodone have the second 
highest abuse rate among illicit drugs after mari- 
juana, with 8.3%, 4.8%, and 2.4% of men aged 
26 to 34 years, 35 to 49 years, and 50 years and 
older, respectively, reporting nonmedical use of 
prescription pain medication in the past year.’ 
These rates of opiate abuse among men of repro- 
ductive age are particularly significant because 
narcotics can interfere with spermatogenesis 
through 2 basic mechanisms. First, narcotics exert 
a negative feedback effect on the hypothalamus, 
thereby suppressing LH release from the anterior 
pituitary. Decreased LH levels result in decreased 
T levels, and the magnitude of HG is magnified by 
an opiate-induced increase in levels of sex hor- 
mone—binding globulin, which further restricts the 
pool of bioavailable T.'°° 

In a study by Abs and colleagues®’ comparing 
73 patients receiving intrathecal opiates for 
nonmalignant pain with 20 untreated control sub- 
jects, nearly all opiate-treated men reported symp- 
toms of HG, such as decreased libido or ED, and 
had significantly lower T and LH levels. Oral use 
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of narcotics has been shown to result in similar 
effects. A study by Daniell’? reviewed a cohort of 
54 outpatient men who were treated with oral 
sustained-action opioids. When compared with 
controls, opioid consumers were shown to have 
much lower hormone levels in a dose-related 
pattern. Free T, total T, and E2 levels were sub- 
normal in 56%, 74%, and 74%, respectively, of 
opioid users. Moreover, either total T or E2 level 
was subnormal in all men consuming the equiva- 
lent of 100 mg of methadone daily and in 73% of 
men consuming smaller opioid doses.”° In recog- 
nition of the hypogonadotropic hypogonadism 
that frequently results from opiate use, the 2010 
Endocrine Society Clinical Practice Guideline 
Committee recommends that serum T levels be 
measured in all men receiving chronic opioids.”' 
In a review of male heroin and/or methadone ad- 
dicts, at least one semen analysis parameter from 
100% and 45% of heroin and methadone users, 
respectively, were significantly impaired. All pa- 
tients in this study had normal hormone levels, 
despite chronic opioid use, suggesting that heroin 
use may be directly toxic to spermatogenesis, as 
opposed to exerting this effect via HG.”? 


ENVIRONMENTAL FACTORS 


Although the aforementioned personal health fac- 
tors and substances of abuse represent individu- 
ally modifiable factors in male subfertility, 
exposure to radiofrequency electromagnetic radi- 
ation, pollution, and heat may negatively affect 
male reproductive potential on a more global level. 


Cell Phone Use 


Widespread use of cellular phones has prompted 
concerns regarding the potentially harmful effects 
of radiofrequency electromagnetic radiation 
(RF-EMR). In particular, the increasing use of 
hands-free kits with belt-holstered phones has 
raised concern regarding the potential for RE- 
EMR exposure to the gonads.’° Several experi- 
ments in rat, mouse, and rabbit models have 
shown impairment of spermatogenesis with 
increasing exposure to cell phone RF-EMR, with 
Leydig cells, seminiferous tubules, and spermato- 
zoa all being affected.’* 

Several human observational studies have 
investigated the effects of RF-EMR directly on 
semen parameters and sperm function. In one 
observational study by Agarwal and colleagues, ° 
361 men undergoing infertility evaluation were 
divided into 4 groups according to their reported 
cell phone use. Comparisons of semen parame- 
ters identified that mean sperm motility, viability, 
and normal morphology significantly differed 


between cell phone user groups, with an inverse 
relationship between the values of these parame- 
ters and the duration of daily exposure to cell 
phones. Fejes and colleagues’ correlated re- 
ported cell phone usage with semen analyses in 
371 men, finding that the duration of phone 
possession and talk time correlated negatively 
with the proportion of rapid progressive motile 
sperm and positively with the proportion of slow 
progressive motile sperm. An additional observa- 
tional study by Wdowiak and colleagues” subdi- 
vided 304 men into 3 groups by cell phone 
usage. The investigators identified a link between 
the percentage of sperm cells with abnormal 
morphology and the duration of exposure to RF- 
EMR waves. Moreover, they confirmed that a 
decrease in the percentage of sperm with progres- 
sive motility was correlated with the frequency of 
using mobile phones. Gutschi and colleagues’® 
examined semen samples and measured hor- 
mone levels in more than 2100 men stratified by 
their reported cell phone use. The investigators 
observed a significant difference in sperm 
morphology between the two groups. In the pa- 
tients reporting cell phone use, 68% of the sper- 
matozoa featured a pathologic morphology 
compared with 58% in those subjects not report- 
ing cell phone use. In addition, a retrospective 
observational study by Kilgallon and colleagues ”° 
found that men who carried a mobile phone in their 
hip pockets or on their belts had lower sperm 
motility (49.3% [8.2% ) than those who did not 
carry a mobile phone or carried one elsewhere 
on their body (55.4% Liil7.4%). 

Several in vitro studies on human semen have 
also suggested that electromagnetic radiation 
exerts deleterious effects on sperm function. Agar- 
wal and colleagues®° collected semen samples 
from 23 normal healthy donors and 9 infertile men 
and divided each sample into 2 aliquots: an exper- 
imental aliquot that was exposed to cellular phone 
radiation for 1 hour and an unexposed control sam- 
ple. The investigators concluded that samples 
exposed to RF-EMR_ showed a significant 
decrease in sperm motility and viability, anincrease 
in ROS level, and decrease in total antioxidant ca- 
pacity score (the sum of enzymatic and nonenzy- 
matic antioxidants). Erogul and colleagues?! 
obtained semen samples from 27 men, divided 
these equally into 2 aliquots, and exposed only 1 
of these to RF-EMR emitted by an activated cellular 
phone. RF-EMR exposure was associated with a 
decrease in the rapid progressive and slow pro- 
gressive sperm movements, as well as an increase 
in the no-motility category of sperm movement. 

The literature suggests that cell phone use alters 
sperm parameters (particularly motility and 


morphology) and increases oxidative stress. 
Moreover, these abnormalities seem to be directly 
related to the duration of mobile phone use.’* 
However, these studies are all in vitro or clinically 
retrospective in nature, and prospective random- 
ized studies are needed to definitively elucidate 
the possible mechanisms and magnitude of injury 
produced by RF-EMR on spermatozoa and testic- 
ular function. 


Pollution 


Exposure to both environmental and workplace air 
contaminants has also been hypothesized to 
negatively affect male reproductive potential. In a 
study of 225 men with occupational exposure to 
pesticides and chemical solvents, exposed men 
had significantly depressed SA parameters. ®? Pro- 
posed mechanisms of action of pesticides on 
spermatogenesis include alteration of Leydig cell 
and/or Sertoli cell function? and disruption of hor- 
mone synthesis, transport, release, or binding to 
receptors.°* Some compounds have been shown 
to be directly toxic to spermatogenesis, including 
dibromochloropropane and __ polychlorinated 
biphenyls.°° 

Hammoud and colleagues®® correlated nearly 
1700 SA reports with the local particulate matter 
(particle pollution) levels corrected by shifting 
backwards parameters for several months to 
account for the 72-day spermatogenesis cycle. 
High particle pollution levels were negatively 
correlated with sperm motility 2 and 3 months 
following these exposures. Other studies have 
shown that increased particulate matter is associ- 
ated with decreased sperm motility, abnormal 
head shape, and increased DNA fragmenta- 
tion.6”® Sokol and colleagues? analyzed air 
pollutant levels in California in relation to SA pa- 
rameters from 5134 samples. They concluded 
that average sperm concentrations correlated 
negatively with increases in ozone levels (P<.001). 

The data suggest that various types of environ- 
mental pollution are toxic to spermatogenesis. 
However, the specific underlying causes of the 
varying pollutants are unknown. Further, the clin- 
ical relevance to reproduction is unclear because 
there are no published reports including preg- 
nancy or live births as study end points. Chal- 
lenges include identifying specific pollution risk 
factors for impaired spermatogenesis, defining 
the impact of genetic insult on sperm, and diag- 
nosing environmentally induced infertility. 


Heat Exposure 


The testes are located outside the body cavity and 


are perfused by a countercurrent heat exchange 
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system resulting in temperatures 2to 4“cooler 
than body core temperature, which is thought to 
be critical in facilitating spermatogenesis and high- 
lights the concept of increased testicular tempera- 
ture as a potential risk factor for infertility.°° 

In numerous animal studies, increases in scrotal 
temperature have been shown to cause reversible 
damage to the germinal epithelium,°' with the 
most significant consequence of heat stress on 
the testis being the loss of germ cells via 
apoptosis. Moreover, heat has been shown to 
affect sperm DNA integrity, to reduce the produc- 
tion of testicular androgen-binding protein, and to 
adversely affect Sertoli cell function.°° These 
changes brought on by heat stress have been 
shown collectively to lead to significant reductions 
in sperm motility, concentration, and the percent- 
age of hypo-osmotic swelling water test-positive 
spermatozoa.°* 

Human studies similarly show suppressed sper- 
matogenesis in clinical conditions associated with 
increased testicular temperature, such as cryptor- 
chidism, varicoceles, and acute febrile illness, 
although each of these may have other pathophys- 
iologic mechanisms affecting spermatogenesis. 
Numerous reports have documented a negative 
influence of fever episodes on semen quality, 
with impaired sperm density and progressive 
motility presenting several weeks after the acute 
febrile illness and lasting for 1 to 3 months.°° Oli- 
gospermic men with varicoceles are theorized to 
have significantly higher scrotal temperatures 
than normospermic men as a result of pooling 
blood and inefficient countercurrent heat ex- 
change. Varicocelectomy has been documented 
to reduce scrotal temperatures’? and is well estab- 
lished as method of improving semen parameters 
in subfertile men, although the mechanisms under- 
lying the beneficial effects of varicocele surgery 
are unknown. 

Several modifiable risk factors that cause 
scrotal hyperthermia have also been correlated 
with spermatogenic impairment, including sauna 
or steam room use, sleeping posture, and duration 
of sitting or driving.°'°* Although the minimum 
threshold of scrotal hyperthermia required to sup- 
press spermatogenesis remains unclear, experi- 
mental studies using polyester-lined athletic 
supports to increase scrotal temperatures in 
healthy male volunteers suggest that this 
threshold is more than 158.9 

In normospermic subjects, sauna exposure has 
been reported to induce a significant but reversible 
impairment of spermatogenesis, including alter- 
ation of sperm parameters, mitochondrial function, 
and sperm DNA packaging.°° Improvements in 
total motile sperm count have been shown with 
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discontinuation of hyperthermic sauna expo- 
sure.°° Another study showed that, although 
sauna sessions increase mean scrotal tempera- 
tures to a peak level of 41.6 semen quality 
remains unaffected.°° Various studies have docu- 
mented significant temperature changes in the 
scrotum while driving or while wearing restrictive 
clothing,“ using a laptop computer,*° using elec- 
tric blankets,°* and with wearing tight-fitting un- 
derwear.°° None of these studies attempted to 
correlate SA parameters or fertility rates with their 
respective risk factors for scrotal hyperthermia. 

Based on the available data, it is prudent to 
advise men with fertility concerns to limit their 
exposure to any factor capable of increasing 
scrotal temperature. However, the precise role 
of scrotal hyperthermia in fertility remains to be 
established, as does the concept of scrotal 
cooling. 


TRENDS IN ENVIRONMENT, LIFESTYLE, AND 
REPRODUCTIVE HEALTH: PREDICTIONS FOR 
2033 


Swan and colleagues?” published data showing a 
trend toward decreased sperm concentration in 
the United States and most Western countries in 
the twentieth century. Although the specific 
causes of this trend are unknown, many environ- 
mental factors play a role in male reproductive 
potential. It is therefore difficult to make over- 
arching predictions regarding male fertility trends 
that can be expected for the future. In contrast, 
extrapolating the trends of individual environ- 
mental factors is more feasible and may provide 
insight into challenges and opportunities related 
to male reproductive potential over the next 
20 years. 

The International Telecommunications Union of 
the United Nations has recently reported that at 
the current rapid rate of new cell phone accounts 
the number of accounts will increase from 6 billion 
now to 7.3 billion in 2014, thereby exceeding the 
population of the planet.°° This figure is particu- 
larly stunning considering that cell phones were 
rarely used as recently as 15 years ago. The prev- 
alence of cell phone use strongly suggests that 
negative effects from RF-EMR on male fertility 
may become an important concern. To date, 
studies have shown impacts on SA parameters 
but not pregnancy rates. 

The US Food and Drug Administration (FDA) 
recently reported that the number of extended- 
release opioid prescriptions dispensed increased 
from 165 million in 2000 to 234 million in 2009, 
whereas immediate-release opioid prescriptions 
increased from 9 million to 23 million over the 


same time period.°° The use and abuse of pre- 
scription narcotics have reached epidemic levels 
in the United States and, as previously discussed, 
chronic opioid exposure is deleterious to sper- 
matogenesis and serum T concentration. How- 
ever, there are some recent factors that may 
portend stabilization or even reversal of opioid 
use and abuse. Federal legislation was recently 
introduced that requires manufacturers to 
research and develop tamper-proof opioid drug 
formulations to prevent the manipulation that 
currently facilitates abuse. In 2012, both the FDA 
and Drug Enforcement Agency formally identified 
abuse of prescription pills as a major public health 
problem and publicly committed themselves to 
addressing the issues via publication of guidelines, 
support of law enforcement regulations, and 
educational outreach programs. Whether these 
initiatives will prove to be effective remains to be 
determined. 

A 2007 study reported on trends in nonmedical 
use of anabolic steroids (NMAS) among American 
college students. '°° Data were collected from mail 
surveys sent to students at 119 colleges in 1993, 
1997, 1999, and 2001. The prevalence of lifetime 
and past-year NMAS remained stable at less 
than 1%, with a single exception: past-year 
NMAS had a statistically significant increase from 
0.36% in 1993 to 0.9% in 2001. Although it is 
encouraging that overall prevalence of anabolic 
steroid use is low and largely stable, the recent 
uptake in past-year NMAS is concerning. 

In contrast with the stable pattern of anabolic 
steroids, marijuana is a risk factor for male infer- 
tility with increasing rates of use. According to 
the US Centers for Disease Control and Preven- 
tion, American high school students who reported 
ever having used marijuana increased from 31% in 
1991 to 40% in 2011.'°' This increase coincides 
with a national shift in attitudes toward marijuana 
use. Within the past 15 years nearly half the states 
have passed legislation regulating marijuana for 
medicinal use. Many others have passed or pro- 
posed decriminalization measures, and 2 states 
have legalized marijuana for recreational use. 
Given these trends, and a 2013 Pew Research 
Center poll that shows that 52% of Americans 
favor legalization (up from 12% in 1969), it is likely 
that marijuana use may be a relevant factor for 
male fertility in 2033. 

Obesity is a male fertility risk factor that is 
epidemic in the United States. More than two- 
thirds of American adults are overweight or 
obese.'°* Particularly troubling is a report that 
obesity rates among boys aged 2 to 19 years 
have increased dramatically since the 1960s, and 
have continued to increase steadily between 


2000 and 2010.'°° The US Department of Agricul- 
ture recently reported that most Americans do not 
meet federal dietary recommendations. ' In order 
to meet them, according the report, Americans 
would have to decrease their intake of fats and 
added sugars while increasing consumption of 
fruits, vegetables, and whole grains. There are no 
indications that dietary habits will improve in the 
foreseeable future. Trends in physical activity are 
similarly troubling. Between 1995 and 2005, Amer- 
icans became more sedentary overall; this trend 
has been largely attributed to decreased work- 
related activity and human-powered transporta- 
tion.10 Increased computer-based employment 
will likely perpetuate sedentary work-related ac- 
tivity trends. 

Cigarette smoking has been shown to be a nega- 
tive risk factor for male fertility as well as overall 
health. More than 42% of American adults reported 
smoking in 1965, compared with 11% in 2011.'°° 
Most states have established legislation in recent 
years limiting smoking in workplaces and restau- 
rants. Aggressive tax increases for purchase of cig- 
arettes have also contributed to the decline in use. 
This trend is expected to continue over the next 
20 years. Alcohol consumption has also decreased 
in the United States in recent years, but at a slower 
rate than cigarette smoking. According to the Na- 
tional Institutes of Health, 69% of Americans re- 
ported recently drinking alcohol in 1984 compare 
with 65% in 1995, and total drinking days declined 
from 110 to 88 over the same time period. '°” 

Increased temperature has been identified as a 
male fertility risk factor. Although clinicians can 
warn patients to avoid excessive sauna or steam 
room use, global warming trends may have a dele- 
terious impact on reproduction in 2033. Although 
global warming is a politically controversial topic, 
the global surface temperature was 0.6 (1 Of) 
higher in 2012 than the 1951 to 1980 average, 
and the top 10 warmest years on record have all 
occurred since 1998.° 

The United States Environmental Protection 
Agency (EPA) has reported that air quality, based 
on concentration of common pollutants, has 
improved markedly since 1980.4 Regulations and 
financial incentives have strongly driven the trend 
over the same time period toward decreased auto- 
mobile exhaust and industrial pollution. Increasingly 
tight emissions are expected to help reduce pollu- 
tion further over the next 20 years but will be offset 
by the increasing population and number of cars. 


SUM MARY 


A large number of environmental and lifestyle fac- 
tors may negatively affect spermatogenesis and 
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male fertility. This article enumerates the current 
state of knowledge regarding those that have 
been identified, and extrapolates the predicted 
magnitude of these effects over the next 20 years 
based on current societal trends. However, it is 
likely that additional factors have yet to be recog- 
nized. Additional research is needed to further 
define and clarify environmental factors that affect 
male fertility in order to mitigate their effects. 
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Infectious, Inflammatory, and 
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ic Conditions 


Resulting in Male Infertility 


Bassel G. Bachir, MD®”, Keith Jarvi, MD, FRCSC®>:°4* 


KEYWORDS 
[Ihfections Edhflammation EMale infertility 


KEY POINTS 


[=Reproductive.tract.inflammation.is.common.in.men.with .infertility.and.may.be.due.to.infections. or 
noninfectious causes such as smoking, environmental toxins, vasectomy reversals, and urethral 


surgery. 


[Although the presence of elevated levels of semen leukocytes is the most commonly used method 
to identify inflammation in the male reproductive tract, this is an inaccurate marker for inflammation. 


[ihe use of empiric therapies such as antibiotics, antiinflammatories, and antioxidants may reduce 


semen leukocyte levels and improve sperm parameters for some infertile men with pyospermia. 
[Chlamydia trachomatis and Neisseria gonorrhoeae screening for men with infertility is warranted in 
regions with a high prevalence of infection with these organisms. 
[Viral infections, particularly human immunodeficiency virus (HIV), hepatitis B virus (HBV), and 
hepatitis C virus (HCV) have been associated with male infertility. 


INTRODUCTION 


The accepted definition of infertility is the failure of a 
couple to achieve a successful pregnancy with 
1 year of regular unprotected coitus. This condition 
is common, affecting almost 15% of couples world- 
wide, with a male factor implicated in up to 50% of 
cases. ' A variety of conditions cause male infertility, 
including congenital malformations, exposure to 
environmental toxins, genetic and endocrinological 
disorders, and infectious and inflammatory condi- 
tions (the last condition accounting for almost 
15% of cases of male infertility). Inflammation is 
the body’s response to a noxious agent in an 
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attempt to eliminate it; the inflammatory response 
includes vasodilation, increased blood flow, and 
leukocytic infiltration to the infected site. The male 
reproductive organs that may be susceptible to 
infectious or inflammatory insults include the pros- 
tate, testicles, and epididymis, and with spermato- 
genesis and adequate sperm function intimately 
related to the proper function of these organs, any 
state of infection or inflammation may potentially 
impair the function of these organs and lead to 
altered sperm function, production, or transit. This 
review discusses the infectious and inflammatory 
conditions that are associated with male infertility 
and describes the biologic processes involved, 
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which lead to impairment in fertility and sperm 
parameters. 


INFLAM MATION—EFFECT ON THE MALE 
REPRODUCTIVE TRACT 


Achieving normal fertilizing potential for the human 
male involves an intricate process of germ cell divi- 
sion and maturation, sperm transit through an elab- 
orate maze of tubules, and the addition of fluids 
from accessory organs, allowing the germ cell to 
become fully functional.° Secretions by the prostate 
gland, seminal vesicles, and bulbourethral glands, 
including essential lubricants and products like 
zinc, citric acid, a-glucosidase, and fructose are 
crucial to attaining final normal sperm physiology. 
The completion of this delicate process described 
involves an intricate interplay between various 
organs with patent ducts: all these processes are 
unfortunately susceptible to various inflammatory 
and infectious insults (Fig. 1). 

Inflammation is a complex process whereby the 
body reacts to infectious, traumatic, or chemical 
insults, causing an influx of activated leukocytes 
and various supporting cells and extracellular pro- 
teins.° Although chronic inflammation usually de- 
velops after an acute symptomatic insult, it may 
also occur in tissue without a known history of 
injury or insult. In fact, most men who have a geni- 
tourinary (GU) tract inflammation have no symp- 
toms of this inflammation. 

It is this latter insidious process that is most 
worrisome in the male reproductive tract. Evalua- 
tion of testicular tissue specimens from asymp- 
tomatic infertile men reveals leukocytic infiltration 
in greater than 50% of men.* 

The impact of any inflammation or infection of 
the male reproductive tract on fertility depends 


INFLAMMATION 


Seminal Leukocytes 


Cytokines 


Antisperm 
Antibodies? 


on many factors, including the chronic versus 
acute nature of the disease and the type of in- 
vading pathogen (Fig. 2). However, noninfectious 
inflammatory reactions may also affect the male 
reproductive tract. Lymphocytic infiltrates are 
commonly observed in patients with testicular 
seminoma, others with carcinoma in situ, and 
even in the contralateral testis of patients with uni- 
lateral tumors.” 

The inflammatory response is amplified by acti- 
vated lymphocytes and macrophages through the 
release of cytokines, which includes a family of 
biologic response modifiers such as chemokines, 
interleukins, and growth factors.’ The main medi- 
ators of the inflammatory response in the male 
reproductive tract are the proinflammatory cyto- 
kines tumor necrosis factor (TNF}a, interleukin 
(IL}1a, and IL-1b.° These signaling molecules 
are released by activated leukocytes and act in 
a synergistic fashion to allow cells to systemati- 
cally eradicate the noxious insult. The cytokines 
IL-6, IL-8, and IL-10 are also released in states 
of inflammation and are found in varying levels in 
the semen of subfertile men with differing seminal 
defects, suggesting that semen cytokine profiling 
may potentially be used to detect inflammation 
in the male reproductive tract and may possibly 
help more accurately categorize subfertile men 
to aid in future treatment.®° Furthermore, IL-6 
levels were also found to be elevated in patients 
with nonpathogenic inflammation, also suggesting 
its use as a marker of this condition. '° 

Inflammation of the testicles may lead to sper- 
matogenic arrest and a decrease in serum levels 
of testosterone and luteinizing hormone, thereby 
affecting the dual functions of spermatogenesis 
and steroidogenesis.*'' The secretion of both 
TNF-a and IL- 1a during the inflammatory response 
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Fig. 1. Synergistic effect of inflammation and infection leading to male reproductive tract dysfunction and/or 


obstruction. 
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Fig. 2. Possible mechanisms of impaired male fertility due to reproductive tract inflammation. (From Domes T, 
Lo KC, Grober ED, et al. The incidence and effect of bacteriospermia and elevated seminal leukocytes on semen 


parameters. Fertil Steril 2012;97(5):1051; with permission.) 


leads to an inhibition of steroidogenesis by Leydig 
cells.'*'° Furthermore, it seems that the effect of 
inflammation on spermatogenesis is cell specific, 
whereby spermatocytes and spermatids are 
affected, whereas spermatogonia are spared.'' 

Evidence points to inflammation as a source of 
oxidative stress. Oxidative stress is an imbalance 
in the oxidant/antioxidant system, leading to an 
increase in reactive oxygen species (ROS), and is 
a significant cause of male infertility.®14 In inflam- 
matory states of the male reproductive tract, oxida- 
tive stress is generated predominantly by the 
infiltrating leukocytes and the proinflammatory 
cytokines that they generate.'*'© Phagocytosis 
by infiltrating phagocytes leads to accelerated oxy- 
gen consumption and generation of large amounts 
of ROS. Through activation of the xanthine oxidase 
system, cytokines similarly create a state of oxida- 
tive stress by generating high levels of ROS.'” 
These ROS react with polyunsaturated fatty acids 
found in abundance in the sperm cell membrane, 
leading to significant oxidative damage and a 
reduction in motility as well as fertilizing potential. 
Furthermore, spermatozoa have a small cytoplasm 
and hence a limited store of antioxidants, thereby 
limiting their ability to repair any structural damage 
caused. 

Inflammatory and infectious conditions of the 
male reproductive tract may also lead to infertility 
due to damage of the reproductive tract organs 
affecting their function (altering the production or 
release of the secretions required to support sperm 
function) and due to scarring of the delicate ductal 
systems and subsequent anatomic obstruction. 


Nonregenerative epithelial cells lining the epidid- 
ymis and testis are particularly vulnerable to 
scarring.'° The consequence of such scarring is 
stricture formation, which may occur in the ejacula- 
tory ducts, thereby leading to a decreased ejacula- 
tory volume and impaired fertility. 1° 


INFLAMMATORY CONDITIONS POTENTIALLY 
ASSOCIATED WITH MALE INFERTILITY 
Prostatitis 


The most widely used classification system for 
prostatitis is the National Institutes of Health (NIH) 
system, which includes 4 diagnostic categories of 
prostatitis.2° NIH category | prostatitis represents 
acute bacterial prostatitis; NIH category II prostatitis 
represents chronic bacterial prostatitis. Chronic 
nonbacterial prostatitis has been defined as NIH Ill 
prostatitis, being either NIH IIIA prostatitis (inflam- 
matory) or NIH IIIB prostatitis (noninflammatory). 
Finally, NIH IV prostatitis represents asymptomatic 
inflammatory prostatitis, defined as the finding of 
significant pyospermia or elevated levels of leuko- 
cytes in the expressed prostatic secretions 
(EPS). Studying the potential impact of prostatitis 
on male fertility is important, as chronic prostatitis/ 
chronic pelvic pain syndrome (CP/CPPS: NIH III 
prostatitis) has been established as the most 
commonly diagnosed urologic problem in male 
patients younger than 50 years.*' In Canada, Nickel 
and colleagues** reported prostatitis-like symp- 
toms of voiding dysfunction, bladder spasms, and 
pelvic pain in 6% to 9% of men. The number of 
men with symptomatic CP/CPPS represents only 
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a small fraction of the total group of men with pros- 
tatitis; this is true, as histologically proved inflamma- 
tion may be present in more than 50% of men 
having prostate biopsies for benign conditions.” 
Although it had been suggested that prostate 
inflammation can be diagnosed through the pres- 
ence of elevated levels of leukocytes in EPS, in urine 
that is voided post-EPS, or in the semen, it is still not 
clear whether these parameters really are associ- 
ated with prostate inflammation.2*?° For this 
reason, other diagnostic modalities such as cyto- 
kine profiling continue to be investigated as poten- 
tial markers of prostatitis.°?”7° IL-8, granulocyte 
elastase, and neopterin are 3 such biomarkers 
whose role in diagnosing prostate inflammation 
remains controversial.°:° 

Several studies have examined the effect of clin- 
ical prostatitis on sperm parameters; however, 
because of the use of different classification sys- 
tems and the inherent problems in making a diag- 
nosis of prostatitis, it remains difficult to reach a 
conclusion concerning the effect of prostatitis on 
sperm function. As early as 1971, Bostrom and 
Andersson?’ examined sperm parameters in 31 pa- 
tients with what would now be considered as NIH 
IIIA prostatitis and compared the results to 34 con- 
trols, with no significant difference found in sperm 
concentration, motility, or morphology. Similarly, in 
the largest study to date examining the effect of 
prostatitis on sperm parameters, Weidner and col- 
leagues?’ in 1991 examined 32 patients with a diag- 
nosis compatible with NIH II prostatitis, 102 patients 
with NIH IIIA prostatitis, and 142 patients with NIH 
IIIB prostatitis and compared the results with those 
of a healthy control group of 42 patients, with no sig- 
nificant difference in sperm parameters detected. 
On the other hand, also in 1991, Christiansen and 
colleagues®** compared semen parameters in 50 
patients with NIH IIIA prostatitis to those of 33 
healthy controls and found a significant reduction 
in all 3 parameters of concentration, motility, and 
morphology in the prostatitis group. Similarly, Leib 
and colleagues** compared semen parameters in 
86 patients with NIH IIIA prostatitis with those in 
101 healthy controls who were proved fertile and 
found a reduction in both sperm motility and 
morphology but not concentration. Krieger and 
colleagues** also found an association between 
prostatitis and impaired sperm motility. In 2000, 
Pasqualotto and colleagues? compared their pa- 
tients with prostatitis with a control group and found 
a reduction in sperm motility only when associated 
with leukocytospermia. Menkveld and colleagues*° 
performed semen analyses on 34 patients with NIH 
IIIA prostatitis and 18 with NIH IIIB prostatitis, 
comparing the results with those of 17 healthy 
men, and detected a significant decrease in sperm 


morphology in the prostatitis group. Furthermore, 
Engeler and colleagues?” prospectively analyzed 
semen parameters of 30 patients with NIH IIIB pros- 
tatitis and compared the results with those of 30 
healthy controls and found a significant reduction 
in sperm motility. In 2003, Ludwig and colleagues*° 
found no association between prostatic inflamma- 
tion and standard semen parameters. On the other 
hand, Henkel and colleagues?’ reported a signifi- 
cant reduction in sperm concentration and 
morphology in patients with NIH IIIA and IIIB prosta- 
titis as compared with their control group but found 
significantly increased sperm motility (Table 1). 
These contrasting results point to a possible but un- 
confirmed role for prostate inflammation in the alter- 
ation of all 3 semen parameters of concentration, 
motility, and morphology. These data suggest that 
men with symptomatic NIH III prostatitis CP/CPPS 
likely have impaired sperm parameters. On the 
other hand, there are no data to suggest that men 
with asymptomatic prostate inflammation have 
impaired sperm function. However, because of the 
inherent difficulty in proving that men with no symp- 
toms of CP/CPPS may actually have prostate 
inflammation, in the absence of novel, noninvasive, 
and accurate markers of prostatic inflammation, it 


Table 1 
Studies examining semen parameters in men 
with chronic prostatitis 


Effect on Semen Parameters 


Study/ Year 
Bostrom 0 0 0 

et al,°° 1971 
Weidner 

et al,°' 1991 
Christiansen 

et al,°? 1991 
Leib et al,°° 

1994 
Krieger 

et al,°* 1996 
Pasqualotto 

et al,°° 2000 
Menkveld 

et al,°° 2003 
Engeler 

et al,°’ 2003 
Ludwig 

et al,°° 2003 
Henkel 

et al,°° 2006 


Motility Morphology Count 


0, no change; 1, improved; [=] worsened. 
Data from Refs.°° °° 


remains challenging to prove an association be- 
tween asymptomatic prostate inflammation and 
infertility. 
Epididymitis 
Epididymitis occurs less frequently than prostatitis 
and is responsible for about 1% of outpatient urol- 
ogy visits in North America, with most patients 
complaining of chronic symptoms lasting more 
than 3 months.?? Acute epididymitis usually 
occurs unilaterally and in up to 60% of patients, 
the testicle may be involved in a process termed 
epididymo-orchitis.* The development of chronic 
disease is still unpredictable and difficult to diag- 
nose. In men younger than 35 years, the pathogens 
implicated in epididymitis are usually sexually 
transmitted organisms, whereas in men older 
than 35 years, enteric pathogens are implicated.” 
The detrimental effects of inflammation on the 
male reproductive tract are well documented; how- 
ever, the sequelae of epididymal inflammation on 
male fertility remain poorly understood. In the 
epididymis, sperm is stored, sperm motility de- 
velops, and the sperm membrane matures to com- 
plete fertilizing potential. As a consequence, any 
inflammation of the epididymis may lead to a 
decrease in sperm count, altered motility, or sperm 
dysfunction. Scarring secondary to inflammation 
may finally lead to obstructive azospermia.°*° 
There is a paucity of data on the detrimental 
effects of epididymitis on sperm parameters. A re- 
view of the literature reveals only 5 studies investi- 
gating the impairment of sperm quality following a 
diagnosis of epididymitis, with the total number of 
patients from all studies of only 211 and the most 
recent study published more than 20 years ago in 
1991.7°4'® The consensus is that acute epididy- 
mitis usually leads to a temporary deterioration in 
sperm quality in most patients, with permanent 
damage including azospermia more than 2 years 
from diagnosis observed in some. Conversely, the 
incidence of either a history of or ongoing epididy- 
mitis in men with infertility is not known. However, 
the data available does suggest that epididymitis 
may have a detrimental effect on male fertility. 


Orchitis 


The true incidence of orchitis in the general male 
population remains unknown, with most of the 
knowledge extrapolated from data on epididy- 
mitis. Although an ascending canalicular bacterial 
infection may lead to orchitis, inflammation of the 
testis is usually associated with systemic viral 
infections, most notably mumps. Other viruses 
implicated in the development of orchitis include 
Coxsackie, Epstein-Barr, varicella, influenza, and 
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HIV.* Granulomatous orchitis is associated with 
tuberculosis, syphilis, and brucellosis. As men- 
tioned earlier, there is a high prevalence of inflam- 
matory changes in testicular biopsies from 
asymptomatic infertile men, leading to the thought 
that the effect of chronic testicular inflammation on 
male infertility is greatly underestimated. Further- 
more, inflammatory changes in chronic orchitis 
resemble those typically seen in experimental 
autoimmune orchitis, allowing one to conclude 
that both these conditions may lead to a loss in 
the testicular immune privilege.* 

There is a scarcity of data on the impact of orchi- 
tis on sperm parameters.*° What complicates 
matters is the absence of valid serologic or semi- 
nal markers and the difficulty in noninvasively diag- 
nosing orchitis without resorting to testicular 
biopsy. What is known is that despite adequate 
antimicrobial therapy and the absence of symp- 
toms, ongoing inflammation occurs in men with a 
history of orchitis.*° It is clear that testicular inflam- 
mation is common in men with infertility. What is 
unknown is do men with infertility have a higher 
frequency and/or more extensive testicular inflam- 
mation than men with normal fertility and if the 
inflammation causes the infertility. 


Urethritis 


The urethra is considered a conduit through which 
the ejaculate containing mature sperm exits the 
body. Consequently, any inflammation of the ure- 
thra is unlikely to impair spermatogenesis or 
directly affect sperm quality or function. However, 
it is not completely implausible that an ascending 
infection progresses from urethritis to epididymitis 
and possibly to epididymo-orchitis, thereby lead- 
ing to impaired fertility.” Furthermore, urethritis 
can cause urethral scarring and stricture forma- 
tion, leading to a decreased ejaculate volume 
and reduced fertility.2°4” 


PYOSPERM IA: A MARKER OF REPRODUCTIVE 
TRACT INFLAM MATION? 


Elevated levels of seminal leukocytes may be due 
to GU tract infections; however, there are multiple 
other reported causes for the elevated level of 
leukocytes, including certain exposures (smoking, 
environmental toxins, marijuana, and some medi- 
cations), GU surgery such as vasectomy reversals 
and urethral surgery, and autoimmunity.*®*° 
Elevated levels of leukocytes may also just be a 
marker for apoptosis, as the leukocytes are 
recruited to recycle the dying sperm.°°°' One 
question that arises is whether elevated levels of 
semen leukocytes may act as a marker of infection 
in the GU tract. Multiple studies have now shown 
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no correlation between elevated levels of semen 
leukocytes and bacteriospermia. In a large study 
on 7852 men, Domes and colleagues’? found no 
correlation between elevated levels of leukocytes 
and bacteriospermia, which mirrored the results 
reported by Wolff and colleagues®? and Yanush- 
polsky and colleagues. °° 

Are the elevated semen leukocyte levels good 
markers of GU inflammation? Certainly, elevated 
leukocyte levels in the semen are associated with 
multiple alterations in men’s fertility potential, with 
poorer sperm parameters such as reduced sperm 
count, motility, and normal sperm morphology; 
reduced sperm function as measured by the sperm 
penetration assay (SPA), elevation of the sperm 
DNA fragmentation assays; and finally reduced 
pregnancy rates for couples with male-factor 
infertility.851548 In small studies in which antibi- 
otics were used to treat men with pyospermia, the 
leukocytospermia declined and the SPA results 
improved.°’ Other groups have also successfully 
treated men with pyospermia using antioxidants 
and antiinflammatories, with reductions in the 
semen leukocyte levels and improved sperm pa- 
rameters seen.°°°° These results suggest that 
elevated semen leukocyte levels are markers of 
GU inflammation for some men. However, not all 
men with GU inflammation have elevated levels of 
semen leukocytes.”° 

However, until a standardized method to accu- 
rately and noninvasively diagnose GU inflamma- 
tion is developed, one needs to continue to use 
an elevated semen leukocyte concentration as a 
marker of GU inflammation. Although there are 
only a few studies on the treatment of men with 
elevated semen leukocyte levels, the limited litera- 
ture does suggest that the use of antibiotics, anti- 
inflammatories, and/or antioxidants may lead to a 
reduction in the semen leukocyte concentrations 
and improved sperm parameters. 


INFECTIONS—EFFECT ON THE MALE 
REPRODUCTIVE TRACT 


Infectious organisms could have a direct negative 
effect on sperm by directly interacting with sperm 
cells or potentially have a negative impact on 
fertility by a secondary effect either through the in- 
flammatory process inherent in the infection or due 
to the release of toxins. 

Any infection of the male genital tract leads to an 
inflammatory response whereby the body’s 
immune system attempts to fight off this infection. 
Chief among the causative infectious agents 
implicated in the male reproductive tract are 
gram-negative bacteria, which induce an inflam- 
matory response due in part to the release of the 


endotoxin lipopolysaccharide present in the cell 
wall.° Thus, one mechanism by which genital tract 
infections may lead to male infertility is by inducing 
a state of inflammation.° Evidence suggests that 
invading leukocytes present during the inflamma- 
tory response enhance the detrimental effect of 
the invading pathogen on semen quality.4°:°° 

Infections may also impair fertility because of the 
direct effect of the pathogen on the sperm cell. 
Several bacterial and viral pathogens are known 
to interact with and cause damage to spermatozoa, 
including C trachomatis, Escherichia coli, Urea- 
plasma urealyticum, and HBV.°''°? E coli is known 
to adhere to spermatozoa and can cause sperm 
agglutination, whereas U urealyticum impairs 
sperm nuclear chromatin integrity.°'°° HBV de- 
creases sperm motility by triggering a loss of mito- 
chondrial membrane potential.°* These pathogens 
are also known to induce a state of oxidative stress 
by triggering the release of ROS, leading to further 
impairment of sperm function.°°-4 


INFECTIONS—C TRACHOMATIS 


C trachomatis infection has been recognized as 
one of the most common bacterial sexually trans- 
mitted diseases (STDs) in North America; there- 
fore, assessing its impact on both male and 
female infertility is of utmost importance.°° One 
of the main initial obstacles remains the difficulty 
in diagnosing C trachomatis infection, with more 
than 50% of men and women not demonstrating 
any symptoms.°° Although it is acknowledged 
that C trachomatis leads to female infertility due 
to pelvic inflammatory disease (PID) and subse- 
quent tubal obstruction, its impact on male infer- 
tility is still debatable, with studies revealing 
conflicting results.°”°° Despite being widely prac- 
ticed, no clear guidelines exist for the screening of 
men with infertility for C trachomatis infection.°° 
In men, C trachomatis infection may lead to ure- 
thritis, epididymitis, epididymo-orchitis, and even 
prostatitis and may impair male fertility by causing 
scarring and obstruction along the male reproduc- 
tive tract.°” C trachomatis also leads to sperm cell 
apoptosis, as indicated by a high rate of DNA frag- 
mentation in patients with C trachomatis infec- 
tion.©° As with other STDs, coinfection with other 
infections is always a concern. Furthermore, un- 
recognized silent C trachomatis infection in male 
partners may easily be transmitted to their female 
counterparts, leading to the deleterious effects of 
this bacterium on female reproduction. When dis- 
cussing the potential impact of C trachomatis 
infection on male fertility, it is important to evaluate 
the prevalence of this disease in the specific target 
population being examined (Table 2).°°:’°-’® There 


Table 2 


Conditions Resulting in Male Infertility 


Studies evaluating Chlamydia trachomatis prevalence and semen parameters in men with infertility 


Number 


Continent of 
of Origin Study/Year Country 


Ochsendorf Germany 125 
et al,’”° 1999 
Pannekoek 
et al,’' 2003 
Eggert-Kruse 
et al,’? 2003 
Hamdad-Daoudi 
et al,’° 2004 
Hosseinzadeh 
et al,’“ 2004 
de Barbeyrac 
et al,” 2006 
North Bezold et al,’”° 
America 2007 
Domes et al,°® 
2012 
Vigil et al,” Chile 
2002 
Gdoura et al,”® 
2008 


Europe 
Netherlands 153 
Germany 707 
France 111 
United 


Kingdom 
France 


United 
States 
Canada 


Tunisia 


0, no change; 1, improved; [ii] worsened; ne, not evaluated. 


Data from Refs.°°:/0-78 


is considerable variability in the reported incidence 
of C trachomatis infection in various populations, 
ranging in the literature from 0% to 42%.°° In the 
largest study to date comparing screening results 
for STDs between men with infertility and the gen- 
eral population, Domes and colleagues®® reported 
that the rate of C trachomatis infection was lower 
in Canadian men with infertility (0.3% ) than in the 
general population. Therefore, although C tracho- 
matis infection has a negative effect on female 
fertility and likely leads to impaired fertility in 
some men, it is important to establish the preva- 
lence rates of the disease in the population of 
interest before considering launching any C tra- 
chomatis screening programs for men with 
infertility. 


INFECTIONS—N GONORRHOEAE 


Along with C trachomatis, N gonorrhoeae infection 
has been reported as one of the 2 most common 
bacterial STDs in North America.°° N gonorrhoeae 
infection in men causes urethritis and may rarely 
develop into unilateral epididymo-orchitis.*°*° 
This condition may lead to decreased fertility due 
to obstruction, development of urethral strictures 
and/or inflammation, and the impairment of tes- 
ticular function. Despite a paucity of data, 


Patients 


Effect on Semen Parameters 


Chlamydia 
Rate (%) 


1.6 0 0 0 


Motility Morphology Count 


46 ne ne ne 
1.8 0 0 0 
5.4 ne ne 

4.9 


1.2 


2.5 


0.3 


N gonorrhoeae infection is more relevant than 
C trachomatis in the context of male infertility.2° 
However, in the above-mentioned study by Domes 
and colleagues, © the prevalence of N gonorrhoeae 
infection in the Canadian male population with 
infertility was low (0.05%). Therefore, this further 
highlights the need for determining specific preva- 
lence rates before instituting screening programs, 
despite the known deleterious effects of the 
disease. 


INFECTIONS—OTHER BACTERIAL STDS 


In addition to C trachomatis and N gonorrhoeae, 
several other bacterial STDs have been discussed 
in the context of male infertility, including the genital 
mycoplasmas Mycoplasma hominis, Mycoplasma 
genitalium, and U urealyticum and Gardnerella vag- 
inalis.°’ Although the mycoplasmas are the most 
common bacteria reported to be found in the 
semen, the role of these mycoplasmas in male 
infertility is unknown. 

U urealyticum is the most common pathogen 
isolated from the genital tract of men with infertility, 
occurring with a frequency of 10% to 40% (iso- 
lated from semen).°°’° U urealyticum and the 
other mycoplasmas are now most commonly 
detected using polymerase chain reaction 
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technology.°° The use of semen or first voided 
urine to detect the presence of these organisms 
is equivalent.” Studies have shown that men 
with infertility have higher frequencies of U urealy- 
ticum detection in the semen than controls.’ 
Although U urealyticum infection may cause ure- 
thritis, leading to possible scarring and obstruc- 
tion, the effects of U urealyticum infections on 
male fertility remain controversial, leading most 
to not offer routine testing for U urealyticum for 
men with infertility.®®79 

M hominis has been shown to affect semen 
parameters when incubated overnight with 
spermatozoa.°* Gdoura and colleagues? noted 
that the presence of M hominis was associated 
with lower sperm counts and poorer sperm 
morphology in a study on 120 men with infertility. 
Comparing control men who are fertile, Al-Sweih 
and colleagues™ noted a trend toward higher 
rates of M hominis detection (17.1% vs 32.4%) in 
men with infertility. M genitalium can be trans- 
mitted to female partners because of its ability to 
attach to spermatozoa and may cause PID and 
subsequent female infertility.°° 

All these organisms are commonly seen in asso- 
ciation with other pathogens, and therefore, it is 
unclear if they are causative agents implicated in 
infertility or are associated with other conditions 
leading to male infertility.°”°° Pannekoek and col- 
leagues?” suggested that the mycoplasmas U ure- 
alyticum and M hominis were colonizing the GU 
tract and not causing active inflammation. It is 
not at present commonly recommended to screen 
for any of these infectious agents for men present- 
ing with infertility.°°°° The effect of the myco- 
plasmas on male fertility is an area for future 
studies. 


INFECTIONS—NON-STD BACTERIA 


Other non-STD gram-negative and gram-positive 
bacteria have also been implicated in the process 
of male infertility, but there is great controversy in 
the literature about the role of these infections in 
male infertility. An aerobic semen culture is often 
obtained to confirm or rule out the presence of bac- 
teria. However, this may be an inaccurate measure 
of infections in the reproductive organs, as sample 
collection techniques vary and contamination from 
skin, meatal, or urethral pathogens is common.®® 
There are several studies on the frequency of 
bacteriospermia in men with infertility, with the fre- 
quencies reported to range from 10% to 85% .8° In 
the largest study on the presence of bacteriosper- 
mia in men with infertility, 15% (1200/7852) of 
infertile men had bacteriospermia.*® Although 
there were a total of 22 species identified, 90% 


of the bacteria were of 4 species: Enterococcus fe- 
calis (56%), E coli (16%), group B Streptococcus 
(13%), and Staphylococcus aureus (5%). In this 
study, the presence of a bacterial infection was 
associated with higher sperm DNA fragmentation 
rates, but no statistically significant changes 
were found in sperm concentration, motility, and 
morphology compared with infertile men without 
significant bacteriospermia. The presence of 
elevated seminal leukocyte levels alone (with or 
without associated bacteriospermia) was associ- 
ated with a statistically significant deterioration in 
sperm concentration, motility, and morphology. 

The second largest study ever published on 
bacteriospermia by Balmelli and colleagues°° on 
3196 men with infertility detected similar rates of 
bacteriospermia as in the Domes and colleagues 
paper. This group also found no association be- 
tween the presence of bacteriospermia and sperm 
count, motility, or morphology. They did not report 
on sperm DNA fragmentation rates. Similarly, 
Gregoriou and colleagues?’ and Naessens and 
colleagues°* found bacteria frequently in the 
semen using routine cultures, but the presence 
of bacteriospermia was not associated with 
changes in sperm parameters. 

Several studies have also reported on the pres- 
ence of anaerobic bacteria in the semen of men 
with infertility. Strict anaerobes may be found in 
almost all semen samples (from men with infertility 
and from control men who are fertile), but it is un- 
clear about the role of these anaerobes and their 
association with male fertility. Anaerobic culturing 
is not recommended as a routine for the investiga- 
tion for men with infertility.°'~°° 

Do specific bacterial species affect male 
fertility? A study by Rodin and colleagues” did 
identify an association between semen infections 
with Streptococcus viridans and E fecalis and 
reduced sperm quality, but the study by Domes 
and colleagues*® did not detect this association. 

Although it seems that the classic sperm param- 
eters of count, motility, and morphology are not 
affected by the presence of bacteria in semen, is 
there an effect on other semen parameters? Berger 
and colleagues”? noted that the SPA result was not 
adversely affected by the presence of bacteriosper- 
mia, but the presence of leukocytes was associated 
with decreased levels in SPA. Domes and 
colleagues*® reported that men with bacteriosper- 
mia had higher levels of DNA fragmentation than 
men with infertility without bacteriospermia, and 
Moskovtsev and colleagues®° reported that spe- 
cific antibiotics to treat bacteriospermia resulted 
in significant decreases in sperm DNA fragmenta- 
tion rates (decline from 50.4 [Œ]19.1% to 38.6 [E] 
18.7%, P<.001 following antibiotic treatment). 


In summary, the routine use of aerobic or anaer- 
obic semen cultures for men with infertility is not 
recommended at present. The significant risk of 
contamination of the semen with skin or meatal or- 
ganisms means that many if not most of the posi- 
tive results of semen cultures are false positive and 
do not reflect the presence of infections in the 
reproductive organs. Aerobic cultures of the 
semen could be considered for those men found 
to have elevated levels of sperm DNA fragmenta- 
tion, with antibiotic therapy offered for those with 
a positive culture. 


INFECTIONS—VIRUSES 


Mumps is perhaps the most well-recognized virus 
affecting the male reproductive tract, which may 
lead to orchitis in up to 37% of pubertal and postpu- 
bertal men, with 16% to 65% of cases being bilat- 
eral.4°° This inflammatory condition is the most 
common complication of mumps in men belonging 
to this age group, with typical onset around 3 to 
10 days after the development of parotitis. How- 
ever, it is vital to remember that orchitis may 
develop even with no history of parotitis noted. 
Eventually, around 50% of involved testicles will 
exhibit some level of atrophy 1 year postinfection, 
thereby possibly leading to impaired fertility. 
Furthermore, severe bilateral cases of mumps or- 
chitis may also lead to impaired androgen produc- 
tion in the testes.*°” 

The last few years have seen significant prog- 
ress in the study of the effect of other viruses on 
male fertility, with particular interest given to HIV, 
HBV, and HCV.’ As with bacterial infections, viral 
infections may follow a chronic course, may affect 
any compartment of the male reproductive tract, 
and can have a deleterious effect on both sper- 
matogenesis and hormone production.°°:°° These 
3 viruses can be found in the semen of infected 
men, with HBV known to have the ability to cross 
the blood-testis barrier and integrate into germ 
cell genomes.°°°° The true incidence of these 
viruses in men presenting with infertility is difficult 
to ascertain, and it is likely that most patients are 
already aware of their disease before presentation. 
In a study by Bezold and colleagues’° out of the 
United States, 0% of asymptomatic men with 
infertility were found to be HBV positive. Mansoor 
and colleagues'°° revealed an incidence rate of 
2.1% for HBV, 1.1% for HCV, and 0% for HIV 
among the population of Saudi men with infertility. 
On the other hand, in a Chinese study by Lam and 
colleagues, '°' 11.1% of men presenting for assis- 
ted reproduction were found to be HBV positive. 
These data reveal a possible population-specific 
prevalence of viral infections in infertile men that 
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may mirror the prevalence of the disease in the 
general population. '°' 

There is remarkable agreement in the literature 
with regards to the association of viral infections 
with poor sperm parameters. One study evaluating 
sperm parameters in HBV-seropositive patients 
and 2 others evaluating patients with chronic HBV 
infection all found an impairment in all 3 sperm pa- 
rameters of motility, morphology, and count. 102-104 
Other studies showed that sperm cells exposed to 
HBV suffered from oxidative stress.°*''°° Several 
studies have also reported on the detrimental 
effects of hepatitis C virus (HCV) infection on sperm 
parameters, with 4 studies revealing a reduction in 
all 3 sperm parameters of motility, morphology, and 
count. 102-106-108 Furthermore, as seen with HBV 
infection, HCV does seem to induce oxidative 
stress in sperm cells exposed to the virus. '°5:'°° It 
is therefore reasonable to conclude that HBV and 
HCV infections in men lead to impairment of sperm 
quality. Despite this, testing for HBV and HCV in 
men with infertility is currently not routinely per- 
formed. Testing in regions of high carrier and dis- 
ease prevalence could be considered. 

Research on HIV has garnered great interest, 
particularly given the extended survival and 
improved quality of life provided for patients with 
current antiretroviral therapy.'°° Several studies 
have shown a reduction in all 3 semen parameters 
in association with HIV infection.'°°''? Others 
have also shown that asymptomatic seropositive 
men had normal semen parameters that clearly 
worsened with disease progression. 11113 Further- 
more, although antiretroviral therapy does prolong 
life for HIV-infected patients, it has been shown to 
be detrimental to semen quality.111114 It is there- 
fore clear that HIV infection is associated with 
impaired semen parameters. 

Finally, herpes virus and human papilloma virus 
(HPV) have also been shown to be associated with 
impaired male fertility.°° These viruses are com- 
mon viruses, and their effect on fertility is unclear. 
The association with infertility may be due to the 
fact that many of the men with these viral infec- 
tions harbor other reproductive tract infections. 
Routine screening of the population with infertility 
for herpes virus and HPV is currently not recom- 
mended. Table 3 provides a summary of bacterial 
and viral infections, their prevalence, and their 
effect on male fertility. 


INFLAMMATION, INFECTIONS, AND 
ANTISPERM ANTIBODIES 


Antisperm antibodies (ASAs) develop following a 
disruption of the blood-testis barrier formed by 
the tight junctions between adjoining Sertoli 
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Table 3 
Association between various pathogens and male infertility 


Pathogen 


Bacteria 


Chlamydia 
trachomatis 


Neisseria 
gonorrhoeae 


Other bacterial 
STDs 


Non-SID bacteria 
Aerobic 
bacteria 
Anaerobic 
bacteria 


Viruses 
Mumps 


Reported Frequency in 
Men with Infertility 


0.3% 42% 


Similar to prevalence 
in general 
population 


U urealyticum in 
up to 40% 
M hominis and 


M genitalium 
also common 


10%-85% 


Up to 100% 


Unknown 


Unknown, 
probably very low 


0%-11% 
Unknown, probably 
very low 


Variable, up to 17% 


Variable, up to 50% 


Abbreviation: STD, sexually transmitted disease. 


Effect on Male Fertility 


Possibly; may impair 
sperm motility 


Probably; causes 
urethritis and 
epididymo-orchitis 


Possibly; M genitalium 
can attach to sperm 
cells 

M hominis may alter 
sperm parameters 


Probably; causes 
prostatitis and 
epididymo-orchitis 


Probably; if complicated 
by orchitisthen may 
affect androgen 
production and cause 
testicular atrophy 


Probably; impairs sperm 
parameters, also due 
to antiretroviral 
therapy 

Probably; impairs sperm 
parameters 

Probably; impairs sperm 
parameters 

Possibly; may impair 
sperm motility 

Possibly; impairs sperm 
parameters 


Screening 
Recommendations 


Screening in specific 
populations with 
higher prevalence 
of Ctrachomatis 

Screening in specific 
populations with 
higher prevalence 
of N gonorrhoeae 


Screening not 
suggested 


Routine screening 
not suggested 
Aerobic cultures for 
those with elevated 
sperm DNA 
fragmentation rates 


Screening not 
suggested 


Screening not 
suggested 


Screening not 
suggested 
Screening not 
suggested 
Screening not 
suggested 


Screening not 
suggested 


cells.''° This disruption can occur due to a variety 
of conditions, including testicular trauma and tor- 
sion, as well as after vasectomy. ASAs have 
been found in up to 12% of men with infertility 
and up to 2.5% of men who are fertile.''° Despite 
their obvious damaging potential, it is still unclear 
whether inflammatory or infectious conditions 
lead to the formation of ASAs. Available evidence 
points more toward abandoning inflammation 
and infection as a potential source of ASAs, 


although this evidence is limited with several po- 
tential confounders.''® In the male reproductive 
tract, it is possible that the formation of ASAs 
may be organ related, pathogen dependent, or 
both. Furthermore, the development of ASAs 
may also be related to the chronicity of the inflam- 
matory response and the success of any treat- 
ments given. Therefore, it is still unclear whether 
testing for ASAs should routinely be performed in 
men with a known history of male genital tract 


infection or inflammation, independent of findings 
on semen analysis. 


SUMMARY 


It is clear from this review that GU inflammation 
is commonly found in men with infertility, but it is 
also clear that there are limited means to noninva- 
sively diagnose the presence and causes of 
inflammation for most of these men. Although 
inaccurate, the presence of elevated numbers of 
leukocytes in the semen is the most widely used 
noninvasive marker that is presently available for 
GU inflammation for men with infertility. Pyosper- 
mia is associated with significantly impaired sperm 
parameters and function: treating men with pyo- 
spermia using empiric therapies of antibiotics, 
antiinflammatories, and antioxidants may reduce 
the number of semen leukocytes and improve 
sperm parameters. 

The cause of the inflammation is often unclear; 
several bacterial and viral infectious conditions 
have the potential to cause GU inflammation and 
negatively affect male fertility. However, the ability 
to accurately diagnose GU infections in men with 
infertility is limited, and if the diagnosis of a GU 
infection is made, one usually does not have proof 
that this particular GU infection is related to 
impaired fertility. In many cases, bacteriospermia 
is not a reflection of an infection in the GU tract 
but is due to contamination from the skin, meatus, 
or urethra. Even if bacteria are identified from the 
GU tract, usually there is limited proof that these 
organisms cause the infertility. There are limited 
data to support the use of routine testing to detect 
seminal bacteria for asymptomatic men with infer- 
tility. In regions with higher endemic rates of C tra- 
chomatis or N gonorrhoeae infections, specific 
testing for these organisms seems justified. 

GU inflammation is highly prevalent in men with 
infertility and could represent one of the most 
common causes of male infertility. Future work to 
develop new noninvasive diagnostic tests to accu- 
rately identify GU inflammation will be a key to 
understanding the role of inflammation in male 
infertility. 
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KEY POINTS 


C bDbstructive azoospermia accounts for 40% of azoospermia and results from obstruction of the 
excurrent ducts (due to many causes) at any location between the rete testis and the ejaculatory 


ducts. 


[Physical examination, along with possible use of genetic/laboratory testing, ultrasonography, vas- 
ography, and/or testis biopsy as indicated helps to definitively diagnose obstructive azoospermia, 
determine the location of the obstruction, and select appropriate management. 

[=freatment options include microsurgical reconstruction (possible in most cases) or sperm aspira- 
tion (ie, microsurgical epididymal sperm aspiration) without reconstruction. 

[EvBurgical reconstruction relies on central microsurgical tenets including mucosa-to-mucosa approx- 
imation, cutting back to healthy tissue with good blood supply, and assuring a tension-free anas- 


tomosis. 


Videos of microsurgical vasovasostomy and microsurgical vasoepididymostomy accompany this 


article at http://www.urologic.theclinics.com/ 


BACKGROUND 


Azoospermia, the absence of sperm in the ejacu- 
late (confirmed by 2 centrifuged semen speci- 
mens), is identified in 15% of infertile men and 
results from pretesticular, testicular, or posttestic- 
ular causes, and may be classified as obstructive 
azospermia (OA) or nonobstructive azoospermia 
(NOA).' OA, which is caused by excurrent duct 
obstruction, comprises 40% of all azoospermia 
cases.* Excurrent ductal obstruction, which can 
occur anywhere along the male reproductive tract 
(rete testis, efferent ducts, epididymis, vas defer- 
ens, and ejaculatory duct) is classically character- 
ized by normal spermatogenesis. In most cases of 
OA, normal or near-normal sperm production con- 
tinues in the testis.° Microsurgical reconstruction, 
when possible, is a safe, efficacious treatment 


in most cases of vasal or epididymal obstruction 
by vasovasostomy (VV) or vasoepididymostomy 
(VE), respectively. Occasionally, transurethral re- 
section of the ejaculatory ducts (TURED) is 
necessary for ejaculatory duct obstruction. In un- 
reconstructable cases, viable sperm can almost 
always be retrieved for use with in vitro fertilization 
(IVFYintracytoplasmic sperm injection (ICSI). 


CAUSES 


The most frequent causes of vasal obstruction 
are vasectomy and iatrogenic vasal obstruction, 
which occurs most often after inguinal hernia 
repair (either pediatric or adult herniorrhaphy 
especially when mesh is used).* Vasal obstruction 
may also be caused by previous vasography with 
improper technique or irritation from contrast 
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medium. Epididymal obstruction may occur sec- 
ondary to existing vasal obstruction (which exerts 
increased intraluminal pressure leading to micro- 
rupture and obstruction of the fragile epididymal 
tubules). Such epididymal obstruction secondary 
to previous vasal obstruction may occur in up to 
60% of men 15 years after vasectomy.° In other 
cases, epididymal obstruction may occur after 
trauma. Hydrocelectomy is commonly associated 
with iatrogenic epididymal injury because the 
epididymis may be difficult to identify especially 
in large chronic hydroceles.® It is important to 
recognize that one stitch through an epididymal 
corpus or cauda tubule can result in complete 
obstruction of this side. Percutaneous epididymal 
sperm aspiration (PESA), or less frequently micro- 
surgical epididymal sperm aspiration (MESA) or 
inadvertently performed epididymal incision or 
biopsies, may result in iatrogenic obstruction. 
Congenital abnormalities are a common cause of 
OA, usually congenital unilateral absence of the 
vas deferens (CUAVD), congenital bilateral 
absence of the vas deferens (CBAVD), and, less 
commonly, partial or complete absence of the 
epididymis, or idiopathic epididymal obstruction. 

In addition to intentional and unintentional 
surgical obstruction or trauma of the vas or epidid- 
ymis, genitourinary infection may also cause uni- 
lateral or bilateral obstruction. Severe acute or 
chronic epididymitis, and prostatic or seminal 
vesicle inflammation can lead to scar formation 
and eventual obstruction. Idiopathic cases of pri- 
mary epididymal obstruction are often caused by 
lower genitourinary tract infection. In addition, 
Young syndrome, which includes sinobronchial 
disease and OA caused by thickened secretions 
and impaired ciliary and sperm tail function, is 
characterized by the absence of structural abnor- 
malities, normal hormones, and normal testicular 
biopsy.” 

In addition to vasal and epididymal obstruction, 
ejaculatory duct obstruction (EDO) should also be 
considered in the differential for OA (Box 1). EDO, 
present in less than 5% of azoospermic men, may 
result from trauma, previous surgery, infection, or 
congenital prostatic, seminal vesicle, or utricular 
cyst. In the case of cysts, external pressure from 
cysts can lead to EDO. EDO is classically defined 
by low semen volume, low semen pH, absent fruc- 
tose in semen (basic, fructose-positive fluid is the 
normal contribution of seminal vesicles), and 
palpable vas deferens (obviously not found in 
CBAVD) on physical examination. If EDO is a 
consideration, improper semen collection (the 
most common cause of reduced ejaculate volume) 
and ejaculatory dysfunction (including retrograde 
ejaculation for which postejaculate urinalysis 


Box 1 

Causes of obstruction of the genitourinary 
reproductive system 

Epididymis 

Infection (acute/chronic epididymitis) 


Previous iatrogenic epididymal incision for 
sperm aspiration/biopsy 


Previous scrotal surgery (ie, hydrocelectomy) 


Congenital (partial or complete absence of 
epididymis) 


Young syndrome 
Vas Deferens 
Vasectomy 


latrogenic: herniorrhaphy or other previous 
scrotal surgery with accidental vas deferens 
ligation 


CUAVD, CBAVD 
Vasotomy/vasography with improper technique 


Fjaculatory Duct 


Cysts (Mullerian utricular, prostastic, seminal 
vesicular) 


Traumatic 


latrogenic (postoperative) 


Infection (ie, prostatic) 


should be completed) must also be ruled out 
because the presentation could be similar. In 
addition, if none of the aforementioned apply, 
then cystic fibrosis transmembrane conductance 
regulator (CFTR) mutation may be the cause. 
Markers of an obstructed system include the 
absence of marker substances from the epidid- 
ymis (a-glucosidase), seminal vesicle (fructose), 
and prostate (zinc) in the semen. However, if 
obstruction is unilateral or partial, these sub- 
stances may be present. 


DIAGNOSIS 


OA is characterized by normal testicular volume 
(15-25 mL per testis), normal follicle-stimulating 
hormone (FSH) level, and azoospermia. History 
and physical examination are critical to identify 
predisposing factors for OA. To differentiate OA 
from nonobstructive azoospermia (NOA), patients 
should be specifically queried regarding OA and 
NOA risk factors. OA risk factors include previous 
vasectomy, other previous surgery (inguinal, 
scrotal, or genitourinary tract), genitourinary infec- 
tion, chronic bronchopulmonary infection, or 
gastrointestinal (GI) abnormality associated with 


congenital absence of the vas deferens (CUAVD or 
CBAVD). Reproductive history with previous suc- 
cessful pregnancy and/or children suggests OA. 
NOA risk factors include delayed development, his- 
tory of cryptorchidism, and previous gonadotoxic 
treatments including chemotherapy, radiation, 
environmental exposures, and treatment with 
exogenous testosterone. 

Unlike NOA, the exocrine and endocrine 
capabilities of the testes remain functional in 
OA. Physical examination includes inspection 
for previous surgical scars in the pelvis or inguinal 
region, evaluation of the vasa to ensure that they 
are present, and palpation of the epididymides to 
identify fullness, induration, irregularity, partial 
absence, or complete absence. Epididymal 
obstruction is suspected with a full epididymis, 
the presence of the vas deferens, and normal 
testicular volume. Vasal gaps and length of the 
testicular remnant vasal end should be exam- 
ined. The testicular vas length indicates whether 
vasectomy was performed in the convoluted 
vas (which may cause increased intraluminal 
pressure and possible epididymal injury) com- 
pared with a vasectomy higher in the scrotum 
which would theoretically decrease intraluminal 
pressure. The presence of sperm granuloma at 
the vasectomy site should also be assessed 
because granuloma relieves back pressure on 
the epididymis and is associated with decreased 
risk of epididymal obstruction, better quality in- 
traoperative vasal fluid, and is considered to be 
a predictor of microsurgical vasectomy reversal 
outcome.° Testicular volume and consistency 
must also be assessed because normal volume, 
firm testes are characteristic of OA, whereas 
small, soft testes more likely reflect NOA. If the 
vas is absent on one or both sides, then genetic 
testing for cystic fibrosis (CF) mutations is war- 
ranted as described later. Digital rectal examina- 
tion may identify risk factors for EDO including 
midline prostatic cysts or seminal vesicle dilation. 

Scrotal ultrasonographic imaging can be useful 
to confirm physical examination findings with 
direct imaging of testicular/paratesticular regions 
for abnormalities that may be associated with 
obstruction, including spermatocele, varicocele, 
vasal absence or dilation, epididymal absence or 
duct ectasia, masses, or cystic epididymal abnor- 
malities in men with a normal FSH level.'°"' 
Particularly, ultrasonographic analysis of the caput 
epididymis may be useful to confirm OA.'2 Trans- 
rectal ultrasonography is particularly helpful in the 
diagnosis of EDO, and can detect prostatic and 
seminal vesicle changes including infectious alter- 
ations and congenital or traumatic structural 
anomalies (midline Mullerian duct prostatic cysts, 
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ejaculatory duct calcification, ejaculatory duct 
dilation, and seminal vesicle dilation >1.5 cm 
wide).'° In the case of EDO, seminal vesicles 
may be aspirated and can reveal high concentra- 
tions of sperm or EDO may be confirmed by 
vasography (discussed in EDO treatment). Trans- 
rectal and scrotal ultrasonography together can 
help to confirm the diagnosis of OA or NOA."' 

In terms of the initial laboratory tests, FSH (<7.6 
IU/L) and testosterone levels should be checked 
and should be normal in OA, which reflects intact 
Sertoli and Leydig cell function, respectively. 14 
FSH, if increased, may suggest an increased 
requirement for assisted reproduction after 
vasectomy reversal. Inhibin B may also be 
checked and should be in the normal range, not 
decreased as it is in NOA. Despite variability in in- 
tralaboratory and interlaboratory testing, young 
healthy men should have an FSH level less than 
7.6 IU/L and testosterone level greater than 
300 ng/dL. By contrast, NOA includes both 
primary and secondary testicular failure and 
these can be differentiated by a serum panel of 
total testosterone, luteinizing hormone (LH), FSH 
(>7.6 IU/L), and prolactin. In NOA caused by 
secondary testicular failure (hypogonadotropic 
hypogonadism), testosterone is decreased sec- 
ondary to decreased LH and FSH from hy- 
pothalamic or pituitary dysfunction. In primary 
testicular failure, LH and FSH are typically 
increased with poorly functioning testes produc- 
ing lower levels of testosterone and inhibin B, 
which exert less negative feedback on pituitary 
gonadotropin secretion. In addition, a history of 
a positive serum antisperm antibody test 
indicates active spermatogenesis and can 
obviate the need for testicular biopsy before 
reconstruction. 17 

Semen analysis is critical in the diagnosis of 
OA because bilateral obstruction results in azoo- 
spermia (no sperm in semen pellet after centrifu- 
gation on 2 separate tests), whereas unilateral 
obstruction and partial epididymal obstruction 
may be compensated for by the contralateral non- 
obstructed side. Unilateral and partial obstructions 
bilaterally can lead to severe oligospermia or as- 
thenoteratospermia. Ejaculate volume remains 
within the normal range (>1.5 mL) if obstruction 
is located proximally to the ejaculatory ducts 
because most of the seminal fluid is derived from 
the prostate gland and seminal vesicles. Ejaculate 
volume is low by definition in the situation of EDO. 
With incomplete obstruction, occasionally rare 
sperm can be identified in the ejaculate, which 
may be adequate for successful ICSI. In addition, 
rare intact sperm in centrifuged pellets in semen 
are identified in approximately 10% of men 


Wosnitzer & Goldstein 


seeking vasectomy reversal, and this finding indi- 
cates that sperm can be found in the testicular 
vasal lumen on at least 1 side, and is associated 
with favorable outcomes. '® 

If testis volume is normal, vasa are present on 
physical examination, and there is strong suspi- 
cion for obstruction with serum FSH level less 
than 7.6 IU/L and normal semen volume, no ge- 
netic testing is indicated. Genetic testing is also 
not indicated in patients who have an established 
previous history of fertility or those patients with 
a sperm concentration greater than 5 million/mL. 
If CUAVD or CBAVD is suspected, then genetic 
testing is conducted for CFTR gene mutation as 
well as renal ultrasonography to rule out renal 
agenesis. Men with CBAVD carry 2 affected 
CFTR alleles with a 10% to 15% chance of addi- 
tional abnormalities. If renal agenesis exists with 
CBAVD, however, this likely occurs secondary to 
non-CF mutation-mediated genetics caused by 
abnormal mesonephric duct development.'? In 
patients with CUAVD/CBAVD, semen volume is 
low, has low pH (<7) and is fructose negative, 
consistent with seminal vesicle atresia, which is 
common in these patients. If vasa are palpable 
but semen volume is low (<1.5 mL), genetic testing 
for CFTR mutation is indicated as well because 
seminal vesicle atresia/obstruction is a possible 
cause and could indicate normal scrotal vasa 
and absent retroperitoneal vasa (partial absence 
of the vas). In addition, many patients with CUAVD 
have contralateral obstruction of the seminal 
vesicle and commonly carry CF mutations. If there 
is suspected idiopathic epididymal obstruction, 
then some groups advocate checking CFTR muta- 
tions because up to 50% of these men may 
demonstrate mutations. Female partner testing 
(up to 5% may be heterozygotes among whites) 
and genetic counseling are critical before assisted 
reproductive technology (ART). If the woman is a 
CF heterozygote, selection of unaffected embryos 
with preimplantation genetic diagnosis may 
reduce the chances of having a child with clinical 
CF or infertility, but it will not eliminate the 
possibility. 

CF, the most common autosomal recessive 
condition in the non-Hispanic white population, is 
a disease with a progressive clinical course 
affecting lung, pancreas, and GI systems. CF is 
caused by genetic abnormalities in the CFTR 
gene, which is involved in the regulation of 
exocrine epithelial cell secretion consistency and 
results in increased sweat chloride concentration 
(>60 mmol/L). More than 95% of males with CF 
demonstrate CBAVD. More than 1700 mutations 
and abnormalities have been discovered, with a 
spectrum of consequences (isolated CBAVD, 


cordlike vas without lumen, hypoplastic or absent 
epididymal corpus/cauda, CF) based on whether 
there is reduction or absence of CFTR protein 
product.” Following the recommendations of 2 
groups, the American College of Medical Genetics 
(ACMG)and the American College of Obstetricians 
and Gynecologists (ACOG), most CF screening 
panels include 30 to 50 mutations (commonly 
F508del and 5T,7T,9T variants), which occur 
most frequently in patients of Jewish and northern 
European origin who manifest clinical CF.2':22 
Such mutations are not necessarily identified in 
patients with CBAVD. More complete CFTR gene 
screening can be conducted, but mutations may 
still not be identified in up to 25% of patients 
with CBAVD. In addition, complete analysis of 
the CFTR gene with DNA sequencing is generally 
used for patients with a history of CF or males 
with CBAVD. In cases of OA without the possibility 
of reconstruction (CBAVD), MESA is indicated with 
ART leading to excellent outcomes.?°:*4 

Open testis biopsy (optimally performed with 
the microscope) may be indicated to distinguish 
OA from NOA in azoospermic men with normal- 
sized testes, palpable vasa deferentia, normal 
FSH levels, and a negative serum antisperm 
antibody test. Testis biopsy specimens should 
always be placed in Bouin, Zenker, or collidine- 
buffered glutaraldehyde solutions, but never 
formaldehyde, which distorts testicular architec- 
ture. In men with CBAVD, testicular biopsy 
commonly demonstrates spermatogenesis and 
does not need to be performed before definitive 
aspiration for IVF/ICSI. 


TREATMENT AND OUTCOMES 


Options for men with OA are microsurgical recon- 
struction or sperm retrieval to be used for ART 
including IVF/ICSI. When reconstruction is fe- 
asible, the decision when to reconstruct or to 
retrieve is based on numerous factors including 
the number of children desired, previous surgical 
history, previous fertility as a couple, female part- 
ner age, female factor infertility, religious beliefs, 
possibility for natural conception, and financial sit- 
uation. Of the 600,000 men undergoing vasectomy 
annually in the United States, up to 6% of men ul- 
timately seek vasectomy reversal. Obstruction 
may occur at any location along the genital tract 
and this can be confirmed by vasography at the 
time of definitive reconstruction. Indications for va- 
sectomy reversal include the desire to have more 
children, postvasectomy pain management, and 
treatment of iatrogenic (herniorrhaphy, orchido- 
pexy, hydrocelectomy), traumatic or infectious 
causes of vasal or epididymal obstruction. For 


patients with infertility before vasectomy, preoper- 
ative evaluation and occasionally testicular biopsy 
may be performed either before or at the time of 
initiation of vasectomy reversal. 


VV/VE Surgical Principles 


Vasal obstruction is treated by microsurgical VV 
(Fig. 1, Video 1) and epididymal obstruction is 
treated by microsurgical VE (Fig. 2, Video 2).7° 
Microsurgical reconstruction is most often per- 
formed under general anesthesia in the supine po- 
sition with all pressure points padded in standard 
fashion. Bilateral, high, vertical incisions are 
made, approximately 1 cm lateral to the base of 
the penis. This incision location facilitates testicular 
delivery and exposure of the vas (up to the inguinal 
canal) and epididymis as needed to ultimately facil- 
itate tension-free anastomosis. Alternatively, an 
inguinal incision may be incorporated if the patient 
has a history of herniorrhaphy or orchidopexy with 
likely obstruction of the inguinal vas. Successful 
anastomosis relies on meticulous mobilization of 
the vas to increase vasal remnant length without 
stripping the vasal vessels. With a history of vasec- 
tomy, the vasectomy site is identified and the vas is 
transected on the testicular side of the vasectomy 
site. The vas is cut with an ultrasharp knife drawn 
through a slotted 2.0-mm or 2.5-mm diameter 
nerve holding clamp, which permits a perfect 90 
cut. A healthy white mucosal ring of the vas should 
be identified. If the tissue is scarred or the mucosa 
is floppy and easily detaches from the underlying 
muscle, the vas should be recut until healthy 
bleeding with a crisp clean mucosal ring is noted. 
Vasal fluid is then examined using a bench micro- 
scope under 400LE]magnification (Table 1).7° If 
there is no history of vasectomy and primary 
epididymal obstruction is suspected, the vas is 
hemitransected at the junction between straight 


Obstructive Azoospermia 


and convoluted vas. If sperm are identified in vasal 
fluid, then the location of obstruction is identified 
by vasography toward the abdominal portion of 
the vas. If no sperm or sperm parts are identified 
in vasal fluid, then epididymal obstruction is con- 
firmed and VE is completed. 

Confirmation of abdominal end vasal patency is 
obtained using a 24-gauge angiocatheter to inject 
normal saline with a 1 mL syringe that does not 
encounter resistance. If patency is not certain, 
then 1 mL of indigo carmine (in a 1:1 ratio with 
lactated Ringer’s solution) may be injected in the 
abdominal end of the vas using a 24-gauge angio- 
catheter while a 16-Fr Foley catheter with a 5-mL 
balloon is placed on gentle traction against the 
bladder neck. Indigo carmine, rather than methy- 
lene blue, is used because of the known toxic 
effects of methylene blue on sperm. With a patent 
abdominal vas, the urine becomes blue. Further- 
more, a 2-0 prolene suture may be passed into 
the abdominal end of the vas (with a clamp placed 
on the suture when it meets obstruction) to calcu- 
late the distance to the location of the distal 
obstruction. This is particularly useful when iatro- 
genic vasal obstruction from hernia repair is sus- 
pected. Vasography is relatively indicated in men 
with low semen volume and evidence of EDO. If 
vasal fluid contains no sperm, this indicates 
probable epididymal obstruction and vasography 
(indigo carmine or saline) confirms abdominal vas 
patency before VE. If vasal fluid is copious with 
many sperm, this indicates vasal obstruction or 
EDO, and formal contrast vasography pinpoints 
the precise site of obstruction. If vasal fluid is 
copious, toothpastelike, and without sperm in a 
dilated vas, this indicates secondary epididymal 
obstruction with possible simultaneous distal 
obstruction (of vas or the ejaculatory duct). Vasog- 
raphy must be performed precisely because 
improper technique can lead to stricture 


Fig. 1. (A, B) Microsurgical VV: vasal ends prepared using the microdot technique and Goldstein microspike 


approximator clamp. 
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Fig. 2. (A, B) Microsurgical VE: the LIVE technique with 10-0 stitches placed in the vas and selected epididymal 


tubule. 


formation, sperm granuloma, or obstruction 
caused by vasal blood vessel injury at the vasogra- 
phy site. Proper vasography technique includes 
isolation of a clean vas segment and hemitransec- 
tion with a 15“ophthalmic microknife. Extruded 
vasal fluid is examined microscopically to deter- 
mine fluid quality, which indicates the location of 
the obstruction. If cryopreservation is desired, 
motile sperm samples should be obtained before 
the vasogram. Formal vasography is completed 
with a no. 3 whistle-tip ureteral catheter placed 
gently into the lumen of the abdominal end of the 
vas. A 16-Fr Foley catheter is placed into the 
bladder, the balloon is filled with 5 mL of air, and 
it is placed on mild traction. Subsequently, 
0.5 mL of water-soluble radiographic contrast me- 
dium is injected to conduct the vasogram. If 
TURED is indicated, the vasography site is micro- 
surgically closed after confirmation that the 
TURED was successful by verification with indigo 
carmine at the vasography site. 

If VV is indicated, a tension-free, watertight, 
mucosa-to-mucosa approximation is of para- 
mount importance to achieve successful out- 
comes. Such an anastomosis is facilitated using 


Table 1 
Characteristics of vas (testicular end) fluid and management 


Vasal Fluid Quality 


Clear, cloudy, creamy Sperm heads alone 


Microscopic Examination 


the microdot multilayer technique (first described 
in 1998) and the Goldstein microspike approxima- 
tor clamp (ASSI Corp, New York, USA) both pio- 
neered at Weill Cornell Medical College (see 
Fig. 1).2”78 The microdot technique, with marking 
pen delineation of needle exit sites, permits accu- 
rate realignment of the vasal ends, and is particu- 
larly useful when there is a significant difference 
in luminal diameter between the two vasal ends. 
The mucosal layer is completed with interrupted, 
double-armed, 10-0 monofilament sutures. The 
second deep muscularis layer is reapproximated 
using interrupted 9-0 monofilament sutures. The 
third adventitial layer is completed with interrupted 
9-0 monofilament sutures. Reapproximation of the 
vasal sheath with 8-0 monofilament sutures mini- 
mizes tension on the anastomosis. The technique 
has been described in further detail previously.7° 
Anastomoses in the convoluted vas can be 
completed with similar outcomes.”° Large vasal 
gaps may be dealt with using crossed VV or testic- 
ular transposition.*°° After vasectomy (with liga- 
tion of vasal vessels), the testicular end of the vas 
receives all the blood supply from the testicular 
artery/epididymal arteries, whereas the abdominal 


Procedure Recommended 
Vasovasostomy 


Sperm heads with whole nonmotile sperm 


Whole nonmotile sperm 


Whole motile sperm 
Clear copious 
Toothpastelike, creamy 
No fluid 


Sperm (whole, parts) absent 
Sperm (whole, parts) absent 
Sperm (whole, parts) absent 


Vasovasostomy 
Vasoepididymostomy 
Vasoepididymostomy 


end of the vas receives blood supply from the 
deferential artery. Two simultaneous VVs cannot 
be performed in the same vas if the vasal vessels 
have been disrupted at both locations. 

VE is the indicated for OA secondary to 
epididymal obstruction. After preliminary reports 
of VE in the early 1900s with low success rates, 
the introduction of the microsurgical approach 
in the late 1970s resulted in patency rates 
ranging from 50% with end-to-end single tubule 
anastomoses to 70% with end-to-side an- 
astomoses.°*' °° Introduction of intussusception 
end-to-side VE techniques, initially described 
by Berger using a 3-suture triangulation method, 
were subsequently modified to include longitudi- 
nal placement of sutures in the epididymal tubule 
known as longitudinal intussusception VE (LIVE), 
which has resulted in patency rates of 80% or 
greater in animal models and humans.°**~°’ The 
LIVE technique, our preferred approach, permits 
a larger diameter for flow from the epididymal 
tubule to the vas, with improved outcomes 
compared with perpendicular placement of 2 
sutures in the epididymal tubule or the 3-suture 
triangulation technique.°° The LIVE technique 
permits accurate approximation of the 300- to 
400-mm vasal lumen to the 150- to 250-nm 
epididymal tubule lumen with 90% patency and 
40% pregnancy rates. 

After appropriate mobilization of the abdominal 
vas to permit tension-free anastomosis to the 
epididymis, the tunica vaginalis is incised longitu- 
dinally, and the epididymis is examined at up 
25[imagnification to identify the eventual anasto- 
motic site proximal (toward the caput) to the site of 
obstruction. Classically, a sperm granuloma is 
noted with dilated tubules proximally, whereas 
collapsed nondilated tubules are found distally. A 
straight tubule with larger diameter is selected 
and a 3- to 4-mm buttonhole opening is made 
into the epididymal tunic to match the outer diam- 
eter of the vas.°° If the level of obstruction is not 
readily apparent, then a 10-0 needle (70 mm 
tapered) is used to puncture an epididymal tubule 
starting distally and progressing proximally (to- 
ward the caput), checking for sperm presence in 
the fluid under the microscope after each punc- 
ture. The puncture hole from which sperm are 
identified is sealed with bipolar microforceps. A 
virgin tubule proximal to the punctured site is 
selected for anastomosis. VE anastomosis is 
completed using an epididymal tubule with abun- 
dant sperm regardless of motility. The quality of 
the epididymal fluid from the selected tubule is 
not known until after the sutures are placed using 
the LIVE technique. If sperm or abundant sperm 
parts are absent after incision of the epididymal 
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tubule, then epididymal obstruction is located 
more proximally (closer to testicle) and the 
sutures must be removed and the anastomosis 
restarted using a more proximal tubule.*° 
Although successful VE may be performed using 
epididymal tubules or even efferent ductules, 
obstruction of the intratesticular rete testis is not 
amenable to microsurgical reconstruction. 

With the VE anastomotic site selected, the vas 
is pulled through an opening made in the tunica 
vaginalis and is secured to the tunica vaginalis us- 
ing polypropylene sutures (through the vasal 
adventitia and tunica vaginalis) so that the vasal 
lumen reaches the desired epididymal tubule 
without tension. The posterior edge of the vas 
(adventitia and muscularis) is secured to the pos- 
terior edge of the epididymal tunic with two 9-0 
monofilament nylon sutures. With the LIVE tech- 
nique, 4 microdots are placed on the vasal end 
(indicating the exit points of the 4 needles), and 
two 10-0 monofilament nylon double-armed 
sutures with 70-nmm taper-point needles are 
placed longitudinally into the epididymal tubule 
under 25Lilto 40[imagnification (see Fig. 2). An 
ophthalmic microknife (155Jis used to incise be- 
tween the needles, which are not pulled through 
until after incision (because leakage occurs given 
the larger diameter of the needle than the suture). 
Epididymal tubule fluid is aspirated with 5-nL 
pipettes by capillary action. The fluid is examined 
under a light microscope for the presence of 
sperm. If abundant sperm with motility are identi- 
fied, the fluid is aspirated into multiple micro- 
pipettes and flushed into human tubal fluid 
medium for cryopreservation. The anastomosis 
is then completed by placing the 4 needles from 
the 2 double-armed sutures inside-to-out through 
the vasal mucosa, exiting through each microdot 
on the vas. Double-armed sutures, as with VV, 
obviate the need to place outside-to-inside 
stitches (which can lead to back walling of the 
vasal lumen mucosa and obstruction). Before 
tying the two 10-0 sutures, a stay suture of 9-0 
nylon is placed from the anterior vasal adventitia 
to the edge of the epididymal tunic and partially 
tied, bringing the vasal mucosa directly into the 
opening in the epididymal tubule. After tying the 
10-0 sutures, the outer layer of the anastomosis 
is completed by using 8 to 12 interrupted 9-0 nylon 
sutures from the vasal sheath to the epididymal 
tunic taking care not to injure the nearby epidid- 
ymal tubules. After meticulous hemostasis, the 
testis and epididymis are returned to the tunica 
vaginalis, which is closed using absorbable 
suture, the testis is replaced into the scrotum in 
anatomic position, and incisions are closed in 
the same manner as for VV. 
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Postoperatively, patients are advised to use an 
ice pack intermittently for 48 hours on the 
operative site, avoid ejaculating, strenuous activ- 
ity, or heavy lifting for 3 weeks, and wear scrotal 
support for 6 weeks. Although complications 
are infrequent, the most common postoperative 
complication is scrotal hematoma (which may be 
obviated if scrotal drains are placed intraopera- 
tively when extensive dissection is required). 
Additional possible complications include wound 
infection, scrotal edema, orchalgia, and, rarely, 
ischemic epididymal fibrosis or testicular atro- 
phy.*' Secondary azoospermia or recurrent 
stricture is another possibility postoperatively, 
although this occurs rarely after VV in 0.5% to 
6% of cases.?®4? After VE, the failure rate has 
been reduced to as low as 4% using the LIVE 
technique, whereas failure can occur in up to 
37% using nonintussusception techniques.*° The 
increased failure rate of VE is related to the 
delicate anastomosis between the vas and 
epididymis compared with VV. Semen analyses 
are performed at 4 to 6 weeks postoperatively 
and subsequently every 2 to 3 months. Patients 
with motile sperm in the ejaculate postoperatively 
are encouraged to cryopreserve especially after 
VE or redo surgery. 

Recent analyses indicate that microsurgical 
reconstruction in appropriately selected patients 
is the safest and most cost-effective method to 
manage men with vasal or epididymal obstruc- 
tion.4*~“° IVF/ICSI carries increased costs associ- 
ated with multiple births.4+4° A recent large 
study reported in the New England Journal of 
Medicine also showed that IVF/ICSI is associated 
with a doubling in the incidence of birth defects 
in IVF/ICSI babies.” Robotic VE using the LIVE 
technique has been described in animals and 
humans, but outcomes and cost-effectiveness of 
this technique require further study.*®:*° Outcome 
after vasectomy reversal has been well predicted 
by our treatment nomogram based on vasal fluid 
quality from the testicular end of the vas at the 
time of surgery, the presence of sperm granuloma, 
microsurgeon experience, and the vasal obstruc- 
tive interval.°°°°' The need for VE is predicted 
by the time interval since vasectomy and the pres- 
ence of sperm granuloma.®5?-54 The significance 
of increased obstructive interval results from 
time-dependent testicular and epididymal damage 
as well as secondary epididymal obstruction. 
Overall patency rates range from approximately 
70% to 99.5% (VV) and 30% to 90% (VE) in 
the literature with pregnancy rates from 36% to 
92% (after VV) and from 20% to 50% (after 
VE).2°:42:45,55-59 In addition, return of sperm to 
the ejaculate depends on the procedure type, 


with intraoperative motile sperm, VV (rather than 
VE which can take up to 1 year), and obstructive 
interval (<8 years) demonstrating more rapid 
return of sperm to the ejaculate.°°°°°' After 
successful vasectomy reversal, the age of the 
female partner plays a significant role in pregnancy 
and live delivery rates.°? Outcomes after recon- 
struction for iatrogenic vasal injury leading to 
obstruction (longer vasal defects, decreased 
blood supply, and increased obstructive duration) 
are poorer than for patients with OA as a result of 
vasectomy.‘ Intraoperative sperm retrieval should 
be offered to men undergoing VE or redo surgery 
for cryopreservation and future use for IVF/ICSI 
in the event of reconstruction failure.°° If sponta- 
neous pregnancy does not occur after successful 
surgical reconstruction, ejaculated sperm may be 
used for ART. Additional long-term studies of VV 
and VE outcomes are needed in the future. 


EDO 


If EDO is identified, TURED is the treatment of 
choice. Alternatively, sperm retrieval techniques 
(discussed later) can be used. After TURED, a 
significant proportion of patients develop epididy- 
mitis from urine reflux in the efferent ductal sys- 
tem.” If transurethral ultrasonography reveals 
dilated seminal vesicles or a midline cyst, tran- 
surethral ultrasound—guided aspiration of seminal 
vesicles (with examination for sperm) and injection 
of indigo carmine with radiographic contrast may 
be diagnostic.°° Sperm aspirate may be frozen 
for future IVF/ICSI attempts. Once the site of 
obstruction is confirmed, TURED is performed, 
which should result in blue dye effluxing from the 
ejaculatory ducts to confirm sufficient resection. 
If no sperm are identified in seminal vesicle 
aspirate, however, then secondary epididymal 
obstruction is most likely. Initial vasography (after 
sperm extraction at the vasotomy site for 
cryopreservation) may be performed. However, 
simultaneous transurethral resection with VE is 
usually unsuccessful. TURED results in improved 
semen parameters in most patients.°* However, 
if TURED is unsuccessful, then sperm aspiration 
(ie, MESA) is the next step in management. 


Alternatives to Reconstruction, MESA 


If patency is not desired or men are not candi- 
dates for reconstruction (ie, surgically unrecon- 
structable OA including CBAVD), men with OA of 
all causes may select sperm retrieval techniques 
to be used with IVF/ICSI. Sperm retrieval is 
accomplished via percutaneous or microsurgical 
sperm retrieval from the epididymis (preferable) 
or testis and cryopreserved into multiple vials for 


future use in IVF/ICSI. In men with OA, cryopres- 
ervation is as good as fresh semen, so there is 
no need to synchronize sperm retrieval with egg 
retrieval.°”°° Sperm retrieval rates for men with 
OA using ICSI are excellent (96% —100% ) regard- 
less of the cause of the obstruction.°° Since the 
initial description of successful pairing of aspi- 
rated epididymal sperm with IVF,“° MESA has 
become the reference standard with excellent 
yield and minimal contamination (Fig. 3).68717? 
During MESA, the epididymis is surveyed at 
1012] to 1512] magnification to select dilated 
tubules with semitranslucent fluid for aspiration. 
Tubules are exposed with accurate incision and 
hemostasis of the epididymal tunic. The selected 
tubule is then sharply punctured with an 
ophthalmic microknife (15°) to yield adequate 
fluid. Once adequate fluid is observed using a 
phase contrast microscope, 5-nL standard labo- 
ratory glass pipettes are used to collect fluid via 
capillary action with a total of 10 to 20 mL of 
epididymal fluid collected. If motile sperm are 
not identified, the surgeon moves toward the 
caput of the epididymis and, if needed, the 
efferent ducts with each puncture until sufficient 
sperm are obtained for both fresh and cryopre- 
servation use. Improved motility will be identified 
moving toward the testis within the epididymal 
caput. As a last resort, testicular tissue can be 
retrieved, and in men with OA, this usually con- 
tains motile sperm.° 

MESA is contrasted by PESA, which does not 
require microsurgical training, but typically yields 
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fewer sperm for cryopreservation necessitating 
repeat procedures if multiple IVF cycles are 
needed. PESA has been identified to produce 
minimal trauma; post-PESA VV or VE is possible 
with VV of at least one side in 7 of 8 patients re- 
sulting ina 50% pregnancy rate.” Open testicular 
sperm extraction, percutaneous testicular sperm 
aspiration, or testicular fine-needle aspiration 
yield fewer sperm than epididymal sources, and 
may increase the risk of injury to the testicu- 
lar and epididymal blood supply and scrotal 
hematoma development if performed without the 
microscope.“ 

After sperm retrieval, IVF with ICSI is necessary 
for subsequent oocyte fertilization and preg- 
nancy.’°:’© Intrauterine insemination with sperm 
retrieved from men with OA has never been 
successful. The use of surgically retrieved sperm 
(using the aforementioned techniques) has been 
shown to result in similar outcomes in terms of 
fertilization (34%-80%) and clinical pregnancy 
rates (17%-65% ) when using testicular or epidid- 
ymal sperm.’’~’° Meta-analyses and a Cochrane 
review have identified no difference in fertilization, 
clinical pregnancy, or live birth rates from ICSI 
cycles when using testicular versus epididymal 
sperm from men with OA.’®°° Similarly, fresh 
sperm retrieved from the vas, testis, or epididymis 
have shown similar viability to frozen-thawed 
sperm from these sites in some studies, whereas 
others show a difference between testicular 
fresh and frozen samples. ’°:°'-®° MESA, however, 
yields far more sperm of better quality than 


Fig. 3. (A, B) MESA: exposed epididymal tubule prepared for aspiration using a standard laboratory 5-nL 


micropipette. 
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percutaneous epididymal or testicular sources, 
obviating the need for repeat procedures. 


PERSPECTIVE OF THE FUTURE: OBSTRUCTIVE 
AZOOSPERMIA 


Looking ahead to the future treatment of obstruc- 
tive azoospermia, there are several exciting possi- 
bilities for change in the next twenty years. 
Obstruction of the excurrent ductal system may 
be treated by modified forms of microsurgical 
reconstruction which may be enhanced by 
improved optical and computer systems. Micro- 
scopes may be controlled by eye movement 
(much like some of today’s smartphones) without 
the use of hand or foot pedals. Future robotic sys- 
tems may also integrate the surgical microscope, 
blending optical magnification with robotic control 
for vasovasostomy and vasoepididymostomy. 
While microsurgical reconstruction is typically per- 
formed with nonabsorbable sutures, there may be 
additional use for absorbable sutures,“ mini-stent 
devices,®° biomaterial membranes, synthetic seal- 
ants,°° and lasers?” which have been studied in 
animals with variable effectiveness. In the future, 
sutureless vasovasostomy is possible with 
improved biomaterials, sealants, and devices. 
Multiphoton tomography, with real-time illumina- 
tion of tissue using near infrared laser in vivo,°° 
can identify areas of spermatogenesis, and may 
be useful in rapid confirmation of specific epidid- 
ymal tubules for use in vasoepididymostomy or 
MESA. Epididymal aspiration will continue to be 
a viable alternative to reconstruction in conjunc- 
tion with improving IVF/ICSI techniques. Genetic 
testing will reveal additional cystic fibrosis muta- 
tions, and preimplantation genetic diagnosis will 
be used to prevent CF with associated CBAVD 
and/or epididymal abnormalities in embryos. In 
utero gene therapy may also prove efficacious in 
preventing complications of CF.°° Additional man- 
agement options for genitourinary infection may 
reduce excurrent ductal including ejaculatory 
ductal obstruction. 


SUMMARY 


The diagnosis of OA requires a stepwise approach 
to differentiate it from NOA and to formulate 
management options. Localization of the site of 
obstruction relies on the history, physical exami- 
nation, and possibly laboratory, genetic, imaging 
tests, and intraoperative findings. The prospects 
for patients with OA are excellent given recent 
advances in microsurgical approaches and IVF/ 
ICSI. Successful outcomes are increasingly likely 
after microsurgical reconstruction techniques, 


permitting non-IVF pregnancies for many couples. 
When reconstruction is not an option, microsur- 
gical sperm retrieval provides excellent outcomes 
for patients in conjunction with IVF and ICSI. 


SUPPLEM ENTARY DATA 


Supplementary data related to this article can 
be found online at http://dx.doi.org/10.1016/j.ucl. 
2013.08.013. 
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KEY POINTS 


[=Wzoospermia due to spermatogenic failure can be caused by several conditions, including cryptor- 
chidism, endocrine abnormalities, and a variety of acquired causes. 

[Whe genetic basis of spermatogenic failure is being progressively understood, with clear definition 
among patients with Klinefelter syndrome, Y chromosomal microdeletions, and patients with struc- 
tural chromosomal abnormalities. 

[Benefit is seen in targeted medical therapy for hypogonadotrophic hypogonadism, with noncon- 
trolled, retrospective trials suggesting improvement in spermatogenesis with other endocrine 
therapy. 

[the optimal method of surgical sperm retrieval cannot be definitively concluded given the current 
literature, although there is a suggestion of superiority of microdissection testicular sperm extrac- 
tion given its retrieval rates and success in salvage cases. 

[Btem cell and gene therapy provide promising avenues of future research for the treatment of sper- 


matogenic failure. 


INTRODUCTION 


Azoospermia is defined as the absence of sperma- 
tozoa in the ejaculate, after analysis of a centrifuged 
specimen. Such evaluation should be repeated on 
at least 2 occasions. This condition affects approx- 
imately 1% of men in the general population, and 
10% to 15% of men seeking an infertility evalua- 
tion.’ The cause of azoospermia, whether sec- 
ondary to spermatogenic failure or to obstruction 
of the excurrent ducts of the testis, is a key determi- 
nant of the management of these patients. The 
introduction of intracytoplasmic sperm injection 
(ICSI) in 1992 provided the first opportunity for 
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paternity in patients with azoospermia secondary 
to spermatogenic failure and is currently the stan- 
dard of care treatment to achieve pregnancy in 
couples including men with spermatogenic failure. 


Causes of Spermatogenic Failure 


A variety of conditions, classified as either congen- 
ital or acquired causes, are often identified as the 
cause of spermatogenic failure. Among the con- 
genital causes, genetic issues, including Klinefelter 
syndrome, Y chromosomal microdeletions, and 
structural chromosomal defects, are discussed in 
detail below. 
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Cryptorchidism 

Cryptorchidism, one of the most common congen- 
ital abnormalities, is reported in 1% to 4% of full- 
term male neonates and is a commonly described 
risk factor for spermatogenic failure.* Among pa- 
tients with untreated cryptorchidism, azoospermia 
rates vary from 13% in patients with a unilateral 
undescended testis to 89% with bilateral unde- 
scended testes.° Germ cell counts have been 
demonstrated to be associated with the position 
of the testis at treatment, with intra-abdominal 
testes showing a greater loss in the number of 
germ cells compared with inguinal testes, and 
loss of germ cells have been noted at 6 months 
of age.° Additional evidence suggests that the first 
stage of germ cell maturation, the transformation 
of gonocytes to Ad spermatogonia, is defective 
in the cryptorchid testis, potentially serving as an 
etiologic factor for azoospermia in these patients.’ 
Inadvertent damage to the testis during the orchi- 
opexy procedure may further impair testicular 
function and contribute to many of the cases of 
azoospermia in cryptorchid men. 


Endocrinologic abnormalities 

Endocrinologic abnormalities, including hypogo- 
nadotropic hypogonadism (HH), hyperprolactine- 
mia, and endogenous androgen excess, are 
additional causes of spermatogenic failure, but 
are rarely the primary etiologic cause of azoo- 
spermia, with a rate of diagnosis of less than 
1% of men presenting for an infertility evaluation.® 
In addition, exogenous androgen administration is 
a risk factor for azoospermia. The pulsatile secre- 
tion of gonadotropin-releasing hormone (GnRH) 
from the hypothalamus controls the production 
of the reproductive hormones, luteinizing hor- 
mone (LH) and follicle-stimulating hormone 
(FSH), from the anterior pituitary.° Congenital 
causes of HH include (1) Prader-Willi syndrome, 
a deletion or uniparental disomy on chromosome 
15 associated with hypotonia, short stature, 
hyperphagia, mental retardation and hypogonad- 
ism; (2) Laurence-Moon syndrome, a rare 
autosomal-recessive disorder associated with 
retinitis pigmentosa, spastic paraplegia, mental 
retardation, and hypogonadism; (8) idiopathic 
HH; and most commonly, (4) Kallmann syndrome, 
characterized by idiopathic HH and the presence 
of midline defects such as anosmia. HH may also 
be acquired following pituitary surgery or radia- 
tion, and head trauma. Hyperprolactinemia, 
when pathologic, may be caused by prolactin- 
secreting pituitary tumors, medications including 
some psychotropics, antihypertensives, and opi- 
ates, hypothyroidism, and chronic renal insuf- 
ficiency. This condition usually results in 


oligospermia rather than azoospermia and can 
usually be treated with medications. Exogenous 
androgen use, as noted in patients on testos- 
terone replacement therapy or athletes abusing 
anabolic steroids, induces HH from the negative 
feedback of androgens on the hypothalamic- 
pituitary axis, leading to decreased LH and FSH 
concentrations and ultimately lowering the intra- 
testicular testosterone concentrations required 
for the maintenance of normal spermatogen- 
esis.'° Endogenous androgen excess, as seen in 
congenital adrenal hyperplasia, may similarly 
lead to suppression of gonadotropin stimulation, 
given excess adrenal androgen production. This 
condition can be managed with glucocorticoid 
support, but pseudotumors may develop in the 
testes, adversely affecting testicular function. 


Varicocele 

Varicoceles have a known, but variable, effect on 
testicular function and are identified in 35% of 
men presenting with primary infertility and 81% of 
secondary infertility patients.'' Among men pre- 
senting with azoospermia or severe oligospermia, 
varicocele is noted in 4.3% to 13.3%.'* The detri- 
mental effect of varicocele on sperm function is 
thought to be the result of increased scrotal temper- 
atures secondary to impaired drainage or pooling of 
blood around the testis, although the true cause is 
not understood at this time. Other proposed causes 
include reflux of renal and adrenal metabolites from 
the renal vein, decreased blood flow, and hypoxia. 
An in-depth discussion of varicocele can be found 
elsewhere in this issue. 


Other acquired causes of spermatogenic failure 
Acquired causes of spermatogenic failure include 
iatrogenic causes, such as systemic chemo- 
therapy or radiotherapy to the testis, neoplasia of 
the testis, infection or inflammation of the testis 
as seen in postpubertal mumps orchitis, damage 
to the blood supply of the testis, use of drugs/ 
gonadotoxins, as well as exposure to environ- 
mental or occupational toxins. 


Histologic Diagnoses in Spermatogenic Failure 


Histologic findings on testis biopsy use classifica- 
tion patterns of spermatogenesis based on its 
appearance, with pathologic findings varying from 
hypospermatogenesis, to maturation arrest (MA), 
to Sertoli cell-only patterns.'* Although published 
evidence is conflicting, experienced centers report 
varying success rates for testicular sperm retrieval 
based on the spermatogenic defect defined on 
testis biopsy.'*'° Conflict in the literature, how- 
ever, may be a result of divergent histologic report- 
ing systems as well as varying results with different 


surgical techniques. In addition, some studies 
report sperm retrieval based on the most advanced 
spermatogenic pattern on biopsy, whereas others 
report results based on the predominant pattern 
on diagnostic biopsy. Because an individual diag- 
nostic biopsy samples very little of the testis, it is 
not surprising that variable results could be 
reported from histology-based evaluation of the 
testes of men with spermatogenic failure. In addi- 
tion, there is variation in interpretation of histologic 
patterns, with one study reporting inconsistencies 
in 27% of testis biopsy results as reviewed by inde- 
pendent pathologists. '° 

Hypospermatogenesis is defined by the pres- 
ence of a mature spermatid in any tubule, and 
therefore, all stages of spermatogenesis are pre- 
sent to a varying degree. MA is used to describe 
patterns whereby there is complete interruption of 
spermatogenesis across all seminiferous tubules, 
with uniform MA characterizing spermatogenic 
arrest at the same stage of spermatogenesis 
throughout all of the tubules.” It is further subcate- 
gorized into early MA, with spermatogenic arrest 
during the spermatogonia or spermatocyte stage, 
and late MA, characterized by the presence of sper- 
matids but no spermatozoa. In contrast, Sertoli 
cell-only patterns are defined by the absence of 
any germ cells within the seminiferous tubules. 


GENETIC BASIS OF SPERMATOGENIC FAILURE 


Spermatogenesis is dependent on the action of 
thousands of testis-specific genes that direct the 
maintenance of spermatogenic cells and satisfac- 
tory completion of meiosis in the adult man. 
Although a complete description of these genes 
and their function remains to be elucidated, it 
widely accepted that several genetic abnormalities 
are responsible for the impaired sperm production 
and have been associated with spermatogenic 
failure. Structural or numerical chromosomal 
abnormalities are 10 times more likely in subfertile 
men compared with the general population and 
are identified in 11% to 14% of men with nonob- 
structive azoospermia (NOA) or severe oligosper- 
mia.'®-2° In addition to karyotype analysis, the 
presence of microdeletions of the long arm of the 
Y chromosome (Yq) can be found in these 
patients. A variety of single gene defects has also 
been identified in patients with globozoospermia, 
asthenospermia, and MA, which are beyond the 
scope of this article.7' 


Chromosomal Abnormalities—Klinefelter 
Syndrome 


Klinefelter syndrome (KS)is the most common chro- 
mosomal abnormality among azoospermic men, 
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with a recent report describing a 15% prevalence 
in this patient group.2* Nonmosaic KS, 47,XXY, is 
found in 80% to 90% of men, with the remainder 
presenting with a mosaic karyotype (46,XY/ 
47,XXY), additional X chromosomes, or structurally 
abnormal X chromosomes.?®?4 Nearly half of KS 
cases are the result of a paternal nondisjunction 
event during meiosis.”° Significant phenotypic vari- 
ability has been noted in KS patients, ranging from 
tall, eunuchoid boys with gynecomastia, delayed 
puberty, learning difficulties, and infertility, to well- 
virilized men with infertility. All patients present 
with very small (6 cc or less) testes and elevated 
gonadotropin levels regardless of testosterone 
output, reflecting primary testicular dysfunction.7° 
In addition, patients are noted to have a higher mor- 
tality from breast cancer, extragonadal germ cell 
tumors, and non-Hodgkin lymphoma, although the 
absolute risk of these conditions is extremely small. 
They are also at higher risk for diseases that have 
been linked to androgen deficiency, including oste- 
oporosis and type 2 diabetes mellitus.2”7° 

Sperm have been noted in the ejaculate of 
approximately 8% of men presenting with nonmo- 
saic KS and are frequently found during testicular 
sperm extraction (TESE), described in detail 
below.** Sex chromosomal aneuploidy rates in 
offspring of Klinefelter men born after TESE-ICSI 
are reported to be less than 1% in one report, 
even though sperm aneuploidy rates in these 
patients are potentially increased in comparison 
to fertile controls.2°°° It has been hypothesized 
that spermatogenesis in Klinefelter men is com- 
pleted according to 2 potential pathways: (1) 
47,XXY spermatogonia have the potential to com- 
plete meiosis, and (2)cryptic 46,XY spermatogonial 
stem cells (SSC) in the testes, representing a low- 
level gonadal mosaicism, with increased sperm 
aneuploidy rates caused by meiotic errors due to 
a compromised testicular environment.*' Evidence 
for both hypotheses is strong but conflicting, and as 
such, definitive conclusions as to the source of 
spermatogenesis in men with KS cannot be made. 


Other Chromosomal Structural Abnormalities 


Cytogenetically apparent structural chromosomal 
abnormalities are also described among severely 
oligospermic or azoospermic men. They are gener- 
ally characterized by the exchange of genetic 
material between 2 or more chromosomes, usually 
after chromosomal breakage. Balanced transloca- 
tions are noted in 5% of severely oligospermic men 
presenting for infertility. 18 

Reciprocal translocations are defined as a break 
or rearrangement between 2 or more chromo- 
somes, not involving the centromere. Although 
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the total chromosome content may remain the 
same, 2 pairs of homologous chromosomes differ 
in composition. Depending on the location of the 
break point, particular gene sequences may be 
disrupted, potentially leading to infertility. They 
are reported to occur in 0.7% of severely oligo- 
spermic or azoospermic men.°* 

Robertsonian translocations, on the other hand, 
occur when acrocentric chromosomes (number 
13, 14, 15, 21, and 22) fuse at their centromere.°° 
Minimal essential genetic material is present on 
the short arm of the acrocentric chromosomes, 
and those heterozygotes generally remain pheno- 
typically normal. However, effects are frequently 
noted during spermatogenesis. Robertsonian 
translocations are noted in 0.8% of severely oligo- 
spermic and azoospermic men requiring ICSI.°° 

Other abnormalities can be found on the Yq, 
including ring Yq, which may lead to deletions in 
the azoospermia factor (AZF) regions of the Yq, 
as discussed further below. 46,XX males will also 
present with spermatogenic failure, as they have 
usually had translocation of the sex-determining 
region of the Yq but do not have any of the AZF 
region required for spermatogenesis. 


Y Chromosomal Microdeletions 


The role of the Yq in spermatogenesis has been 
increasingly elucidated since the mid 1970s, 
when gross deletions of long arm of the Yq 
were identified in a group of men with spermato- 
genic failure, followed by the report of submicro- 
scopic Yq microdeletions in 1992.9435 These 
microdeletions have been spatially and topo- 
graphically classified within the AZF regions and 
are undetectable by karyotyping, requiring poly- 
merase chain reaction testing for their evaluation. 
The presence of Yq microdeletion has been noted 
to have significant geographic variability and is 
seen in approximately 10% of U.S. men with 
severe oligospermia or azoospermia, and 7.4% 
of oligospermic/azoospermic men reported 
throughout the literature in a meta-analysis.2'°° 
Complete deletions of the AZFa, AZFb, or 
AZFb1 c regions are associated with the complete 
absence of spermatozoa at TESE.°”°° Among pa- 
tients with Yq microdeletions, AZFa, AZFb, 
AZFaib, AZFbic, and AZFaibic microdele- 
tions account for approximately 30% of the micro- 
deletions evaluated in a meta-analysis of 13,000 
patients with spermatogenic failure.’ On the other 
hand, microdeletions encompassing the AZFc 
region have been associated with more favorable 
outcomes as these microdeletions quantitatively 
impair spermatogenesis, with isolated reports of 
natural paternity.°°7° A recent population-based 


study reviewed DNA samples from greater than 
20,000 men from 5 population centers throughout 
the world and analyzed for the presence of intersti- 
tial deletions involving AZFc.*' DNA donors 
included healthy controls and patients being 
evaluated for a multitude of diseases, without dis- 
cussion of fertility status. Any deletion in the AZFc 
region was noted in 3.7% of patients. Given the 
rates and the identification of specific AZFc dele- 
tions within this population, the authors reported 
a 0.04% rate of b2/b4 deletions, which they report 
is universally associated with severe spermato- 
genic failure. Of note, they further described 
more favorable regional deletions within AZFc 
and estimated that about 1.4% and 1.8% of men 
with gr/gr and b1/b3 deletions, respectively, pre- 
sent with severe spermatogenic failure. These 
data serve to understand the prevalence of subde- 
letions of the AZFc region better, but deletions of 
these subregions, especially gr/gr, do not seem 
to cause spermatogenic failure.*2 


MEDICAL THERAPY FOR SPERM ATOGENIC 
FAILURE 


Given the obligate role of hormonal stimulation 
for complete spermatogenesis, medical therapy 
has been used in the treatment of spermatogenic 
failure, with a specific target, as in HH, for treat- 
ment of low serum testosterone levels and empir- 
ically (although empiric medical therapy is 
currently largely replaced by assisted reproduc- 
tive techniques). 


Specific Endocrine Therapy 


Men with HH are a subset of patients presenting 
with spermatogenic failure who have specific 
medical therapy available, with little controversy 
about the role of endocrine therapy and the resto- 
ration of spermatogenesis in most men. 


Gonadotropin replacement therapy 

Gonadotropin replacement is usually performed 
with one of a limited number of gonadotropin 
drugs, with no clear advantage of any one formula- 
tion established in the literature. Human chorionic 
gonadotropin (hCG), an LH analog, is typically 
administered intramuscularly or subcutaneously 
at doses from 1000 to 3000 IU 2 to 3 times weekly, 
to first correct the LH deficiency. Dosing is 
adjusted to achieve serum total testosterone levels 
in the mid-normal range. Once testosterone levels 
have normalized or spermatogenesis is initiated, 
FSH is added in the form of (1) human menopausal 
gonadotropin (hMG), containing both LH and FSH 
activity, in doses of 75 IU subcutaneously 2 to 3 
times weekly; or (2) recombinant human FSH 


(rFSH) in doses of 75 to 150 IU subcutaneously 2 
to 5 times weekly. Therapy with both hCG and 
FSH is required for optimal spermatogenesis in 
patients with the onset of HH before puberty, as 
indicated by testis volumes less than 4 mL.**4° 
Alternatively, GnRH-injecting pumps can be used 
to inject 25 ng/kg of GnRH subcutaneously every 
2 hours, although this is used less commonly. 

Combined gonadotropin replacement therapy 
has been demonstrated to induce spermatogen- 
esis in up to 84% of patients in a combined data 
analysis of a total of 81 patients, one of the largest 
available studies.*° Among these patients, 69% 
were noted to have sperm concentrations greater 
than 1.5 million/mL. Predictors of response to 
gonadotropin therapy have been evaluated by a 
few studies. Overall, larger testis volume and the 
spontaneous transit through puberty are generally 
noted to be favorable factors for the success of 
gonadotropin replacement therapy.4°*° One small 
study suggested that prior gonadotropin use was 
also a favorable prognostic factor for sperm pro- 
duction. By way of plausibility, testis volume, 
largely determined by the amount of seminiferous 
tubules within the testis, is influenced by prior 
exposure to gonadotropins and logically can 
be used to predict sperm output. It is possible 
that the presence of gonadotropins at puberty 
“primes” the testis for spermatogenesis with future 
endocrine manipulation, whether endogenously by 
way of the pituitary gland, or with hormone 
replacement therapy. 


Dopamine receptor agonists 

Among patients presenting with hyperprolactine- 
mia, medical therapy should initially be provided 
with dopamine receptor agonists. Hyperprolacti- 
nemia suppresses the release of GnRH from the 
hypothalamus. Cabergoline (0.5-1.0 mg orally 
twice weekly) or bromocriptine (2.5—-10 mg orally 
daily) isused. Cabergoline therapy is generally 
preferred due to increased efficacy and lower 
risk of side effects.*’“® In addition, it has been 
specifically demonstrated to improve fertility 
by normalizing sperm quality in men with 
hyperprolactinemia.*°:49 


Empiric Endocrine Therapy 


No established hormonal therapy has been proven 
to increase spermatogenesis for men with NOA/ 
severe oligospermia. Patients with spermatogenic 
failure usually present with elevated plasma 
gonadotropin levels, and it had been generally 
thought that medical therapy in this setting would 
prove ineffective. However, men with low serum 
testosterone levels may also have low intratesticu- 
lar testosterone levels, providing a rationale for 
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medical therapy for these men to enhance intrates- 
ticular testosterone levels and spermatogenesis. 


Gonadotropin replacement therapy 

Interest in the use of rFSH for patients with sper- 
matogenic failure stems from initial case reports 
describing the recovery of sperm in the ejaculate 
of men with previously diagnosed NOA, although 
it is unclear if extended analysis including 
evaluation of a centrifuged semen analysis was 
performed.°° Foresta and colleagues?! have 
studied the effects of rFSH in a population of 
97 men with severe oligozoospermia. Patients 
were prospectively randomized to receive either 
pretreatment with GnRH agonists followed by 
rFSH versus rFSH alone and were evaluated 
for hormone response, including plasma inhibin 
B levels, used as a surrogate for Sertoli cell func- 
tion. Patients with high pretreatment FSH levels 
and low inhibin B demonstrated significant in- 
creases inhibin B levels over baseline, insinu- 
ating a potential for “gonadotropin reset” in 
these patients. It must be noted, however, that 
semen parameters were not evaluated following 
treatment. 

Various heterogeneous reports exist in the litera- 
ture looking at the use of gonadotropins. A Co- 
chrane meta-analysis was performed in 2007 
looking at 4 randomized controlled trials with a total 
of 278 patients with varying degrees of oligosper- 
mia and reported a significantly higher pregnancy 
rate (13.4% ) for patients on gonadotropins com- 
pared with those on placebo or no treatment 
(4.4%) within 3 months of completing therapy 
(OR 3.03, 95% CI 1.3-7.09).°? Small studies evalu- 
ating the use of gonadotropin therapy as a rescue 
treatment for patients initially failing conventional 
TESE and microdissection TESE (micro-TESE) 
have reported surgical sperm retrieval at a second 
setting in 20% to 25% of patients.°°°* However, 
this retrieval rate is similar to an approximately 
30% to 45% rate of sperm retrieval with repeat 
conventional TESE or micro-TESE after failure of 
initial conventional TESE.°°°° In addition, Aydos 
and colleagues? retrospectively evaluated the 
use of pure FSH before micro-TESE in 63 patients 
with spermatogenic failure and FSH levels less 
than 8 mIU/mL and compared with 45 patients 
who were not treated with pure FSH. Patients opt- 
ing for treatment had higher sperm retrieval rates 
compared with controls (64% vs 33% , P<.01). Ulti- 
mately, the retrospective, selective nature of the 
above-reported trials suggests that further study 
with randomized controlled trials is necessary 
before recommending the use of expensive empiric 
gonadotropin therapy in patients with spermato- 
genic failure. 
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Empiric selective estrogen receptor modulators 
(SERM ) 
Clomiphene citrate and tamoxifen are nonste- 
roidal estrogen receptor modulators that block 
the negative feedback exerted by estrogen at 
the pituitary and hypothalamus and therefore 
increasing GnRH pulses and the magnitude of 
LH/FSH release per GnRH pulse. These agents 
are frequently used in idiopathic infertility, with 
few articles focusing specifically on the use of 
SERMs in NOA patients. Hussein and col- 
leagues°® reviewed the use of clomiphene citrate 
in 42 NOA patients from 3 international centers, 
with the diagnosis of NOA confirmed by initial 
testis biopsy. Patients with Sertoli cell-only pat- 
terns or testicular malignancies were excluded, 
with 43% of treated patients demonstrating MA 
and 57% with hypospermatogenesis on prior 
diagnostic biopsy. After a mean treatment of 
5.2 months, whereby dosages were titrated to 
obtain serum testosterone levels of 600 to 
800 ng/dL, sperm were recovered in the ejaculate 
of 64% of patients, and the remainder demon- 
strated favorable changes in testicular histology 
at TESE. Although promising, this study does 
not have a control group as a comparator, 
making it difficult to evaluate the magnitude of 
benefit, if any, from such treatment. Published 
literature on tamoxifen for men with NOA is 
limited to a single study that provided tamoxifen 
to 32 men with NOA (no control arm) and 
reported a nearly 20% rate of recovery of sperm 
in the ejaculate.°° 

Hussein and colleagues®° also recently pub- 
lished a study evaluating the benefit of clomi- 
phene with or without the addition of hCG and 
hMG on the treatment of 612 NOA patients at a 
single center. These patients had at least 3 
extended semen analyses confirming azoo- 
spermia and remained azoospermic for at least 
12 months without intervention. Patients with 
FSH levels elevated to greater than 1.5 times lab- 
oratory reference levels were excluded. Patients 
either opted for no medical treatment before 
micro-TESE (116 patients) or treatment (496 pa- 
tients) that consisted of varying regimens of com- 
binations of clomiphene, hCG, and hMG based 
on changes in hormone parameters. Sperm 
were noted in the ejaculate of 11% of patients 
following treatment, and retrieval rates at micro- 
TESE in the various treatment groups varied 
from 52% to 58%, compared with 34% in the 
nontreatment group. The nonrandomized nature 
of the study precludes any conclusions regarding 
these treatment regimens. The role of empiric 
SERM therapy among men with spermatogenic 
failure is not well understood at this time. 


Aromatase inhibitor therapy 

Aromatase inhibitors block the conversion of 
testosterone to estradiol and androstenedione to 
estrone, therefore reducing the negative feedback 
of estradiol on the hypothalamus and increasing 
GnRH, LH, and FSH levels. Available formulations 
include testolactone (50-100 mg/day), anastrozole 
(1 mg/day), and letrozole (2.5 mg/day). They have 
been frequently used among patients with defective 
spermatogenesis associated with low serum 
testosterone levels and _ testosterone/estradiol 
(T/E) ratios less than 10, based on research by 
Pavlovich and colleagues.°' Ramasamy and 
colleagues®* have reported an effect of T/E ratio 
on prognosis and likelihood of successful micro- 
TESE in KS among men with low baseline testos- 
terone levels (<300 ng/dL) who were subsequently 
started on aromatase inhibitors. Patients with suc- 
cessful sperm retrieval at micro-TESE had higher 
pretreatment (before aromatase inhibitors) T/E 
ratios compared with those with failed micro- 
TESE (7.1 vs 4.9, P 5 .03). In addition, preoperative 
T/E ratios were significantly higher in those with 
successful micro- TESE (13.6 vs 10.0, P 5 .04). 

A recent study has evaluated the use of empiric 
therapy with letrozole for men with spermatogenic 
failure, following a case report documenting the 
induction of spermatogenesis on TESE after a 
4-month treatment with letrozole in a man with initial 
percutaneous testis biopsy demonstrating hypo- 
spermatogenesis.°° Cavallini and colleagues? 
reported on 4 NOA patients with FSH levels less 
than 10 IU/L empirically treated with letrozole and re- 
ported recovery of sperm in the ejaculate of all 4 
men, with concentrations varying from 40,000 to 
90,000 sperm/mL after 3 months of treatment. 
Significant increases were noted in FSH, LH, and 
testosterone values during treatment. Again, no 
control group was identified. Reifsnyder and 
colleagues® evaluated the role of optimizing testos- 
terone before micro-TESE, using aromatase inhibi- 
tors for men with serum testosterone less than 
300 ng/dL and T/E ratio less than 10, and clomi- 
phene citrate in those with T/E ratios greater than 
10. Comparing those patients opting for any medical 
therapy and versus those who did not, the authors 
found no difference in sperm retrieval rates, preg- 
nancies, and live births following micro-TESE. 
Further research on larger patient populations is 
required before adoption of aromatase inhibitor ther- 
apy as empiric treatment of spermatogenic failure. 


SURGICAL THERAPY FOR SPERM ATOGENIC 
FAILURE 


Since the advent of ICSI in the treatment of men 
presenting with NOA, even the azoospermic men 


once deemed sterile now have the opportunity to 
father biologic children with surgical sperm 
retrieval. Despite the absence of ejaculated sperm, 
the testes of men with spermatogenic failure will 
often demonstrate isolated foci of spermatogen- 
esis.°°.°” In men with spermatogenic failure and a 
Clinical varicocele, the role of varicocelectomy in 
the improvement of sperm production remains 
debatable. The true clinical challenge, however, 
centers around identifying and retrieving the iso- 
lated pockets of spermatogenesis, and as a conse- 
quence, several sperm retrieval techniques have 
been described. 


Varicocelectomy 


With the advent of assisted reproductive tech- 
niques, the role of varicocelectomy in patients 
with spermatogenic failure has changed. For men 
with NOA, it has been presumed by many authors 
that modest improvements in semen quality or 
spermatogenesis can improve surgical sperm 
retrieval rates, lead to the recovery of sperm from 
the ejaculate, or even result in natural conception. 
Success, defined as the presence of sperm in 
the ejaculate, in the treatment of spermatogenic 
failure with varicocelectomy, has been variable 
across studies. Outcomes in the recent literature 
report any sperm in 21% to 56% of postoperative 
semen analyses, with a maximum sperm concen- 
tration of 3.8 million sperm/mL.°°’’ These retro- 
spective reviews evaluated a total of 262 patients 
with fairly limited follow-up and did not include a 
control arm of patients not undergoing varicoce- 
lectomy.’’ It must also be noted that among 
NOA patients with multiple azoospermic semen 
analyses, 5% to 35% of patients will occasionally 
have sperm found in the semen, without any 
further treatment.°*’° Follow-up in these studies 
is generally limited to a maximum of 6 months 
(among those who report follow-up), with relapse 
of azoospermia after apparent induction of sper- 
matogenesis in about 25% of patients.’°71:”° 
Ultimately, although induction of spermatogen- 
esis is an ideal outcome, the success of varicoce- 
lectomy in achieving spontaneous pregnancy, 
avoiding ICSI, and avoiding surgical sperm 
retrieval among patients with spermatogenic fail- 
ure needs to be assessed more rigorously. A 
review from a meta-analysis, including several of 
the articles cited herein, reported a spontaneous 
pregnancy rate of 6% following varicocelectomy 
in NOA patients.’° Instead of merely reporting on 
the presence of any sperm on any semen analysis 
as the outcome measure of varicocele repair for 
NOA, a more clinically relevant outcome is the 
presence of adequate sperm to avoid TESE after 
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varicocele repair. The need for TESE following 
varicocelectomy was evaluated in an article by 
Schlegel and Kaufman,°® who reported on their 
experience on 31 men diagnosed with NOA and 
a Clinical varicocele who subsequently underwent 
varicocele repair. Sperm in the ejaculate were 
noted in 22% of these men postoperatively at a 
mean follow-up of 14.7 months. However, less 
than 10% of the overall population had viable 
sperm in the ejaculate either previously cryopre- 
served or at the time of ICSI and were able to actu- 
ally avoid TESE. In addition, these authors 
reported identical testicular sperm retrieval rates 
of 60% using micro-TESE among men with sper- 
matogenic failure and varicoceles who either 
did or did not undergo varicocele repair. These 
retrieval rates differ from reports by other authors 
of improved retrieval rates of 53% to 61% 
following varicocelectomy, versus 30% to 38% in 
those without varicocelectomy.°°°®' Although 
some benefit occurs for some men with NOA 
who undergo varicocele repair, most men have 
subsequent ICSI treatment delayed for at least 
6 months to realize the potential benefits of varico- 
cele repair and the vast majority continue to 
require TESE. 


Sperm Retrieval Techniques 


The most common methods for sperm retrieval 
include fine-needle aspiration (FNA)/testicular 
sperm aspiration (TESA), conventional (multi- 
biopsy) TESE, and micro-TESE. A_ recent 
Cochrane review of surgical sperm retrieval modal- 
ities reported insufficient data from randomized 
trials for recommendation of any one retrieval 
technique for men with NOA.®2 


FNA/TESA 

Lewin and colleagues®* reported the initial 
description of TESA leading to live delivery 
following ICSI in 1996. TESA is a relatively straight- 
forward technique, whereby an 18- to 21-gauge 
needle connected to steady negative pressure is 
used to perform several testicular punctures to 
retrieve sperm. The procedure can be performed 
under local anesthesia and is reported to have 
less postoperative pain than TESE.®* Varying 
sperm retrieval rates have been reported using 
TESA, from 7% up to 60% in different patient pop- 
ulations, with no studies reporting on more than 87 
patients.°* °° Most studies did not include histo- 
pathological diagnoses in these patients. Khadra 
and colleagues? reported their experience in 84 
men, whereby patients failing TESA had a conven- 
tional TESE, and described a 68% retrieval rate 
with TESA in men with hypospermatogenesis, 
29% in MA and 2% for Sertoli cell-only pathologic 
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abnormality. Unfortunately, TESE retrieval rates 
were not reported for comparison. Several authors 
in prospective controlled and retrospective 
studies have reported significantly lower retrieval 
rates with TESA as compared with TESE,°*®° 
while other descriptive studies report retrieval 
rates using multiple aspirations to perform TESA 
that seem similar to TESE in an NOA population 
(50%-60% ).°*-** Taken together, these data sug- 
gest that TESA/TEFNA (testicular fine needle aspi- 
ration) has sperm retrieval rates that are inferior to 
that obtained with TESE, likely because the aspira- 
tion technique does not reliably sample all areas of 
the testis. 

Given the wide range of results with TESA, 
several investigators have used the concept of 
FNA “mapping” to identify and map sites of 
spermatogenesis, following an initial report by 
Gottschalk-Sabag and colleagues®° in 1993 
demonstrating the correlation between FNA and 
open testis biopsy. Testicular FNA mapping is 
performed under local anesthesia, with multiple 
percutaneous aspiration sites marked on the 
scrotum, followed by FNA with a 23-gauge nee- 
dle to aspirate tissue fragments. Tissue frag- 
ments are expelled and smeared onto a slide 
and assessed for the presence of mature sper- 
matozoa. Results are then used to determine 
where and how sperm retrieval is executed, 
with TESA used in patients with globally distrib- 
uted sperm patterns, conventional TESE directed 
to active sites of spermatogenesis in patients 
with few sites of spermatogenesis, and micro- 
TESE in those with rare foci of spermatogen- 
esis.°° Sperm detection rates vary according 
the number of FNA sites observed. Turek and 
colleagues? have reported an approximately 
50% detection rate in men receiving a mean of 
8 to 14 FNA sites per testis, and a 60% rate using 
18 sites per testis.°°°° Sperm retrieval rates 
following mapping are expected to be good, 
because sperm have already been seen, but 
patients with less than 2 positive sites were 
able to have sperm found only 81% of the time, 
and those with greater than 2 sites had sperm 
found in only 90% of cases.°° 


Testicular sperm extraction 

Conventional TESE, performed with either a single 
open biopsy or multiple biopsies, can be performed 
with local, regional, or general anesthetic. The 
tunica albuginea is incised, with either a single or 
multiple incisions, and a relatively large volume of 
tissue is obtained for retrieval, or through multiple 
smaller incisions in different locations in the tunica 
albuginea, where the testis is gently squeezed 
and the protruding tissues are excised. It was 


initially reported in 1993 in cases of obstructive 
azoospermia and later used for treatment of men 
with spermatogenic failure.°° Donoso and col- 
leagues®° recently performed a systematic review 
of the literature assessing sperm retrieval tech- 
niques among men with NOA and reported a 
mean sperm retrieval rate weighted by sample 
size of 49.5% across several different authors and 
institutions. Many of these studies did not repeat 
semen analysis on the day of planned sperm 
retrieval, whereby many of the men who had sperm 
found with TESE could have had sperm found in the 
ejaculate and perhaps never needed surgery. 

The question of single versus multiple testis 
biopsies has been the subject of one randomized 
trial and several observational studies. Intuitively, 
given the patchy distribution of spermatogenesis 
in men with spermatogenic failure, one would 
assume that taking multiple samples from 
different sites within the testis would improve 
sperm retrieval rates. Fahmy and colleagues'°° 
reported data from a randomized trial, with com- 
parable retrieval rates using a single extended 
incision versus multiple incisions in a group of 
89 men without sperm on the initial incision, 
29.5% versus 26.7%, respectively. It should be 
noted, however, that this retrieval rate (whether 
single or multiple biopsies) is on the lower end of 
published results and may be secondary to popu- 
lation or surgical technique differences. This result 
differs from data noted in observational studies in 
several articles, where multiple biopsies (at least 
3) are associated with progressively increasing 
sperm retrieval rates.'0''°2 Amer and col- 
leagues'°° reported on 316 NOA men, where 
216 underwent single bilateral testicular biopsy 
and 100 underwent multiple biopsies, with similar 
histologic findings in both groups. Patients under- 
going multiple biopsies had significantly higher 
retrieval rates overall (49% vs 38%), as well as 
in MA and mixed pathology patients. Patients 
with unfavorable pathologies, Sertoli cell-only 
and diffuse tubular sclerosis, did not have a differ- 
ence between the 2 techniques. 


Microdissection TESE 

Micro-TESE, initially described by Schlegel in 
1999, '°* applies microsurgical techniques and the 
assistance of the operating microscope to identify 
individual seminiferous tubules most likely to 
contain active spermatogenesis. Following local, 
regional, or general anesthetic, the testis is deliv- 
ered through the scrotum and opened widely in 
an equatorial plane, taking care to avoid testicular 
blood vessels. Using 15o 25L{bptical magnifica- 
tion, seminiferous tubules that are larger and more 
opaque, therefore more likely to contain sperm, are 


identified and removed, thereby improving retrieval 
rates and removing a 70-fold smaller volume of 
testicular tissue as compared with conventional 
TESE.'4 If no spermatozoa are seen, subsequent 
samples are taken until the entire testis has been 
safely surveyed, and if needed, the contralateral 
testis is evaluated as well. In the initial trial, micro- 
TESE had a sperm retrieval rate of 62% versus 
46% using conventional TESE in the contralateral 
testis of the same patient. 

Experience with micro- TESE at Weill Cornell has 
continued to be encouraging, with a 56% overall 
sperm retrieval rate in 1495 micro-TESEs. Patients 
had a mean age of 35.6 years, with a mean FSH 
of 27.7 IU/L. Retrospective comparative studies 
using micro-TESE as described herein suggest a 
possible improved likelihood of retrieval with 
micro- TESE as compared with conventional TESE. 
In a histopathologically unmatched retrospective 
study, Okada and colleagues” compared 24 
patients undergoing conventional TESE to 74 with 
micro-TESE and reported significantly higher 
retrieval rates overall with micro-TESE (45% vs 
17%) as well as among patients with Sertoli cell- 
only syndrome (34% vs 6%), although the improve- 
ment among men with MA did not reach statistical 
significance (75% vs 38%). Tsujimura and col- 
leagues'°° reported retrospective results from 56 
patients with micro-TESE and 37 with multiple 
TESE and found no statistically significant differ- 
ence in sperm retrieval rates between the 2 surgical 
approaches (43% vs 35%, respectively) among 
patients with matched preoperative characteristics. 
Ramasamy and colleagues '°’ compared outcomes 
from 543 TESE attempts, whereby the initial 83 were 
done conventionally and the following 460 done by 
microdissection, and reported a significantly higher 
retrieval rate with micro-TESE (57% vs 32% ). Amer 
and colleagues'°® performed a prospective study 
comparing 100 patients with concordant bilateral 
testicular histopathologies, who underwent micro- 
TESE on one testis and conventional TESE in 
the contralateral testis. They reported significantly 
higher retrieval rates with micro-TESE compared 
with conventional TESE (47% vs 30%). 

Several investigators have additionally evalu- 
ated the role of micro-TESE as a salvage proce- 
dure when conventional TESE has failed, 
whereby TESE was performed at the same institu- 
tion or elsewhere. Retrieval rates for micro-TESE in 
these patients have been reported to be about 
45% to 57%.°°'°2""1 Ramasamy and Schlegel°° 
looked specifically at the effect of prior failed 
testicular biopsies (performed at other institutions) 
and reported that failure to find sperm with 1 to 2 
negative biopsies did not significantly affect suc- 
cess of micro-TESE (51% retrieval rate), and 


Azoospermia due to Spermatogenic Failure 


significantly lower but a still considerable retrieval 
rate in men undergoing 3 to 4 negative biopsies 
(23% ). Although these retrospective studies repre- 
sent heterogeneous patient populations with 
possible subtle differences in surgical technique, 
the published data further suggest a superior 
retrieval rate with micro-TESE compared to con- 
ventional TESE. 


Complications 

Complications secondary to surgical sperm 
retrieval include development of hematoma, intra- 
testicular fibrosis, and testicular atrophy/hypogo- 
nadism. As expected, there are no randomized 
controlled studies to compare short-term and 
long-term consequences of the various treatment 
options. A report by Schlegel and Su described 
the presence of ultrasonographic abnormalities in 
the testes in 82% of men at 3 months following 
open testicular biopsy.''* The frequency of devel- 
opment of a hematoma and acute ultrasono- 
graphic testicular changes following micro-TESE 
were lower than that observed with conventional 
TESE in the short-term period in several reports, 
varying from 7% to 44% versus 30% to 
80% .105:197108 This lower complication rate is 
likely secondary to better hemostatic control dur- 
ing microdissection as opposed to open surgical 
extraction, as well as to a decrease in the overall 
amount of tissue being removed with micro- 
TESE. Decreases in serum testosterone levels 
have been noted following both micro-TESE and 
conventional TESE, with returns to pretreatment 
testosterone levels in 85% of men after 
12 months and 95% after 18 months for both ap- 
proaches.'°’''S Decreased testosterone levels 
are of concern because many men who present 
with severe defects in sperm production already 
have defective androgen production, and many 
would be candidates for immediate testosterone 
replacement therapy if they were not interested 
in fertility. After sperm retrieval for NOA, approxi- 
mately 5% of men require testosterone replace- 
ment therapy. 


Fresh Versus Frozen Sperm 


The question of whether to use fresh testicular 
sperm or frozen thawed sperm for ICSI has been 
the object of several studies. Of note, however, 
is that most of these studies include both ob- 
structed (who make up most of the patients) and 
NOA patients lumped together in the analysis, 
making definitive conclusions difficult in the 
management of the man with spermatogenic 
failure. Among NOA patients, several studies 
have reported statistically similar pregnancy and 
live delivery rates between fresh and frozen 
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sperm.''*-''” However, these studies, as with all 
studies looking at men with spermatogenic failure, 
are plagued by small population sizes, making 
definitive conclusions difficult. 

The experience at Weill Cornell shows that 
sperm retrieved from NOA patients are frequently 
limited in number and typically do not survive 
thawing. An abstract presented by Hopps and 
colleagues''® evaluated 95 attempted ICSI cycles 
in men with documented motile sperm before 
cryopreservation, with only 33% presenting with 
viable sperm from the frozen-thawed sample. '*? 
Pregnancy rates among the 830 micro-TESEs re- 
sulting in sperm retrieval at Cornell was 48%, 
compared with a pregnancy rate of 38% at this 
same center, in the 33% of men with clearly viable 
sperm available after thaw. Other centers using 
just frozen-thawed samples in smaller reports 
have shown a pregnancy rate of only 26%, sug- 
gesting better pregnancy outcomes using freshly 
retrieved sperm.''*-''” Because most samples 
with no documented viability were not used, it 
can only be presumed that the pregnancy rate 
after ICSI with these sperm would have only 
been lower. The authors continue to use fresh 
sperm for ICSI, typically retrieved on the day 
before oocyte retrieval for men with NOA, unless 
frozen-thawed sperm have documented viability. 


Surgical Sperm Retrieval Rates According to 
Etiology of Spermatogenic Failure 


Given the success noted with surgical sperm 


retrieval, attention has turned to delineating the 
likelihood of retrieval according to the presumed 
cause of spermatogenic failure. 


KS 

The advent of ICSI and surgical sperm retrieval, 
with successful delivery of healthy children to 
men with nonmosaic KS initially described in 
1996, has significantly changed the prognosis for 
paternity in men with KS and has led the authors 
of recent publications to question whether these 
men should be labeled infertile at all. 1°™1?1 Mosaic 
46,XX/47,XXY KS has been reported in up to 3% 
of men, with reports of the presence of sperm in 
the ejaculate and subsequent paternity in the 
past.'2?''2° A systematic review of articles con- 
taining only patients with nonmosaic KS (338 
patients in all, range 10-74 patients) has reported 
a 44% overall successful retrieval rate in men un- 
dergoing TESE or micro-TESE. '*! Patients under- 
going micro-TESE had significantly higher retrieval 
rates than those undergoing TESE (65% vs 42%). 
It must be noted, however, that these results 
reflect a wide variety of different institutions with 


varying surgical 
experience. 

Recently updated results from Weill Cornell 
represent the largest experience of micro-TESE 
in KS men, looking at 127 men with classic and 
mosaic KS (mosaic patterns do not include 
46,XY) undergoing simultaneous retrieval during 
155 ICSI cycles.'** Overall retrieval rates in the 
155 cycles were 65%, with a 61% retrieval rate 
per patient. The pregnancy rate was 40%, with 
40 children born to date (multiple gestation rate, 
31%), all of whom have been healthy 46,XX girls 
and 46,XY boys. Given these promising results, 
men with KS seeking paternity should be offered 
surgical sperm retrieval to address their fertility 
concerns. 


techniques and laboratory 


Cryptorchidism 

Successful use of surgical sperm retrieval has 
been demonstrated in several studies of azoo- 
spermic men with a history of cryptorchidism. A 
variety of studies (range 15-79 patients/study) 
have reported retrieval rates varying from 52% to 
72% using conventional or micro-TESE. 125-128 
The authors’ experience in men with a history of 
cryptorchidism includes 151 men, in whom 181 
micro-TESE procedures were performed, and 
had a 64% overall retrieval rate, with a 62% 
retrieval rate per patient.'** The retrieval rate in 
men with a history of bilateral cryptorchidism 
was similarly 62%. In analyzing the literature, how- 
ever, one must note that not all “cryptorchid” men 
have the same condition, and that in fact several 
patients throughout these studies may have un- 
dergone orchidopexy for a retractile, but otherwise 
healthy testis. Although a couple of the studies 
looked specifically at men with NOA, 1?4126 men 
undergoing orchiopexy are at risk for obstructive 
azoospermia, which is not clearly controlled for 
in other studies in the literature. 


Postchemotherapy azoospermia 

Studies evaluating sperm retrieval from azoosper- 
mic men following chemotherapy are generally 
limited to case series with small overall patient 
numbers. In addition, given that cancer is less 
frequently seen in younger men more likely to be 
interested in fertility, and the wide variety of under- 
lying cancers as well as a myriad of chemothera- 
peutic treatment options, it has thus far been 
impossible to determine the specific effect of any 
one agent or oncologic diagnosis on the likelihood 
of surgical sperm retrieval in those men rendered 
azoospermic. Results from a study in 2002 
including a total of 23 men from 2 centers, one 
with conventional TESE and another with FNA 
mapping and TESE, reported a 65% retrieval 


rate, although time from chemotherapy to surgical 
retrieval was understandably not controlled. ‘7° In 
the cohort of men at Weill Cornell, the authors 
identified 93 men at least 6 years after chemo- 
therapy who underwent 114 retrieval attempts 
and report a 48% retrieval rate overall, with a 
30% retrieval rate for men treated with chemo- 
therapy including alkylating agents, but a much 
higher retrieval rate for men treated for prior 
germ cell tumors. 14 


Microdeletions in the AZF region of the Yq 

As described above, men with complete dele- 
tions of the AZFa and AZFb regions of the Yq 
are invariably azoospermic with no sperm any- 
where in the testis, and as such, micro-TESE is 
not performed on such patients.°”°° One study 
looking at the use of TESE and micro-TESE in 
42 oligospermic and azoospermic men with 
AZFc deletions reported a 66% retrieval rate 
among the 21 azoospermic men.°*° A report of 
21 patients with AZFc microdeletions from a sin- 
gle Korean center described a 43% retrieval rate 
with TESE.'°° The authors have had successful 
sperm retrieval in 72% of 54 micro-TESE proce- 
dures in men with complete AZFc deletions, 
with a 46% pregnancy rate. 1°4 


Uniform MA 

Men with uniform MA reflect a subset of men with 
spermatogenic failure with a higher likelihood of 
genetic abnormalities, and with generally lower 
sperm retrieval rates than other men presenting 
with NOA.'’:'S:1S2 Retrospective studies varying 
from 15 to 151 patients have reported sperm 
retrieval rates from 23% to 51% with varying surgi- 
cal techniques. 1111317134 In addition, Weedin and 
colleagues'*' have reported decreased retrieval 
rates among men with early MA as compared 
with those with late MA. In the authors’ cohort, 
successful sperm retrieval has been noted in 
50% of 119 micro-TESE procedures in men with 
uniform MA, with a per-patient retrieval rate of 
45% and clinical pregnancy rate of 29% across 
treatment attempts. 


Sertoli cell only 

Patients presenting with Sertoli cell only on testic- 
ular histopathology similarly represent a distinct 
cohort of men, with lower sperm retrieval rates, 
varying from 29% to 43%, noted in the overall liter- 
ature as compared with other men presenting with 
spermatogenic failure.111199-135 In the cohort at 
Weill Cornell 670 micro-TESE procedures in men 
with pure Sertoli cell-only pathologic abnormality 
have been identified and a 44% overall sperm 
retrieval rate has been achieved, with a clinical 
pregnancy rate of 46% among patients with sperm 
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retrieved. Of note, a subset of men within this 
cohort, patients with normal volume testes 
(greater than 15 cc) and FSH levels between 10 
and 15 IU/L, have a much poorer prognosis, with 
a retrieval rate of 5.9%. 


FUTURE DIRECTIONS IN THE TREATMENT OF 
SPERM ATOGENIC FAILURE 


Given the limitations reported above in the current 
medical and surgical treatment of spermatogenic 
failure, there is clearly a need for advances in the 
management of men with azoospermia secondary 
to spermatogenic failure who cannot have sperm 
surgically retrieved. Recent advances in stem 
cell biology and gene therapy seek to address 
this issue. These fields provide for potential 
exciting new treatment methods, but still require 
a good deal of further research before clinical 
applicability. 


Stem Cell Therapy 


The potential for use of stem cell therapy in 


restoring fertility following the use of chemothera- 
peutics and radiation for cancer treatment has 
gained favor, with recent animal studies pointing 
to potential feasibility of this treatment approach. 
In 1994, Brinster and colleagues'*°'°’ reported 
on transplantation of mouse SSCs into the seminif- 
erous tubules of infertile recipient mice, leading to 
donor-derived spermatogenesis and ultimately 
paternity. Since this time, research has focused 
on creating appropriate animal models for azoo- 
spermia, which was initially performed through 
irradiation to destroy spermatogenesis. 199-140 
More recently, large animal models have looked 
at the use of alkylating chemotherapy to induce 
azoospermia. '“':'42 Hermann and colleagues‘? 
have reported on autologous and allogeneic trans- 
plantation of SSCs into adult and prepubertal Rhe- 
sus macaques treated with chemotherapy and 
reported the presence of SSCs in the ejaculated 
sperm of 71% of monkeys with autologous grafts 
and 33% with allogeneic grafts. Unfortunately, 
such treatment of men sterilized by prior chemo- 
therapy or radiation will require that testicular tis- 
sue be cryopreserved before treatment, or stem 
cells subsequently produced from other somatic 
tissues. Testicular tissue must be screened (or pu- 
rified) to avoid transplantation of tumor cells that 
may have been present in the “immune-privileged” 
testicular tissue before chemotherapy. 

At least rare SSCs have been identified in human 
testicular tissue of some men with severely 
impaired sperm production. Although such SSC 
from patients have not been propagated in vitro, 
there are reports of in vitro propagation of human 
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prepubertal SSCs, providing evidence for the 
potential use of this therapeutic modality in 
man. '*°:'44 There seem to be several barriers to 
overcome before application of such SSC devel- 
opment in human patients. Better understanding 
is needed of the factors and signals necessary to 
support self-renewal of SSCs, and methods need 
to be developed to trigger the differentiation of 
SSCs into mature spermatozoa.'*° In addition, 
some men will fail to have demonstrable SSCs 
within the testes. Induced pluripotent stem cells 
may help to address this issue, because somatic 
cells may potentially be induced to form primordial 
germ cells. '“° It is clear, however, that recent tech- 
nological advances have led to an explosion of 
research in this arena, providing the potential for 
exciting breakthroughs in the treatment of induced 
spermatogenic failure. 


Gene Therapy 


Although the advances in stem cell therapy may 
eventually help in the treatment of a small subset 
of men with spermatogenic failure, it must be 
noted that most men seeking treatment have not 
undergone chemotherapy or radiation therapy. 
As reported above, these men frequently have 
yet-to-be-identified or previously identified genetic 
defects. Stem cells derived from these patients will 
have the same genetic defect and are unlikely to 
develop into functional sperm, because the initial 
underlying defect that led to germ cell loss or 
impaired sperm production has not been 
addressed. Gene therapy looks to deliver missing 
genetic factors or to correct factors within the 
testes to aid in sperm production. 

Gene transfer, using viral or nonviral vectors, 
has been developed as a means of generating 
transgenic animals. '*’~'*° Because of appropriate 
biosafety and ethical concerns, germline therapy 
in man is currently not allowed in the United 
States.'°° Gene therapy in the testes and sperm 
of humans could correct the underlying genetic 
defects responsible for impaired spermatogen- 
esis, but may lead to the introduction of trans- 
genes into the germline, as viral vectors integrate 
into the sperm genome and may be transferred 
to future offspring, leading to unintended or cata- 
strophic consequences in resulting offspring. In 
addition, manipulation of the germline raises the 
possibility of genetic enhancement and the 
specter of eugenics. '°° Gene therapy clearly pro- 
vides for future possibilities of treatment of men 
with spermatogenic failure, as well as a myriad of 
other diseases, but needs further refinement and 
better understanding of its outcomes before ther- 
apeutic research in humans. 


An alternative approach to supporting stem cell 
development for patients with germ cell loss or 
severe defects could involve development of 
in vitro or surrogate xenogenic support systems 
for spermatogenesis. Such sites for “artificial 
spermatogenesis” would prevent concerns with 
potential transplantation of tumor cells after 
chemotherapy and could theoretically help rescue 
spermatogenesis for men with a wide variety of 
specific genetic defects that caused impaired 
sperm production. 


SUMMARY 


The cause, and treatment, of men presenting with 
azoospermia due to spermatogenic failure con- 
tinues to evolve as further research has better 
defined this subset of men with infertility. Increased 
understanding of the genetic basis of azoospermia 
in these men may ultimately lead to better tailored 
treatment modalities, with clear ramifications on pa- 
tient counseling regarding the possibility of sperm 
retrieval and ultimately paternity through the use 
of ICSI. Studies looking at treatment, whether med- 
ical or surgical, suffer from small patient numbers 
and absence of randomized controlled trials, mak- 
ing definitive, evidence-based recommendations 
for one treatment modality over another difficult in 
this field. It is clear, however, that the advent of 
ICSI has provided a clear potential for paternity in 
a large proportion of these men, with promising 
sperm retrieval and ultimately live birth rates noted 
with the use of micro-TESE. 
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KEY POINTS 


e The spinal ejaculation generator is located in the lower thoracic/upper lumbar cord and integrates 


the ejaculatory reflex arc. 


e Knowledge of the neuroanatomy and neurophysiology is critical in understanding what therapies 
will and what therapies will not work for men with ejaculatory dysfunction. 
e Penile vibratory stimulation (PVS) is the most appropriate first treatment option for men with a spinal 


cord injury level above the upper lumbar cord. 


e Rectal probe electroejaculation is used for men refractory to or not appropriate for PVS (eg, aneja- 
culation after retroperitoneal lymph node dissection). 
e With a full armamentarium of treatments available, biologic paternity can be achieved in most men 


with ejaculatory dysfunction. 


INTRODUCTION 


Ejaculation is a complex biphasic process 
involving the coordination of an intricate sequence 
of neurophysiological events and the contraction 
of numerous muscle groups eventuating in the 
expulsion of the seminal fluid bolus through the 
urethra in an antegrade direction.' Ejaculation 
involves 2 distinct but interrelated actions: emis- 
sion and ejaculation proper. Emission is the depo- 
sition of the seminal fluid constituents derived from 
the seminal vesicles, the vasa deferentia, and the 
prostate into the posterior urethra as the bladder 
neck and external urethral sphincter simulta- 
neously close. Ejaculation proper then occurs 
with the antegrade rhythmic propulsion of this fluid 
through the urethra and out the penile meatus. 
These integrated and coordinated events have a 
central, single control mechanism. This article re- 
views the ejaculatory apparatus anatomy, the 
neurophysiologic control of ejaculation, and the 


diseases/disorders that may disrupt this most 
natural of functions. Finally, present and future 
treatment options are discussed. 


ANATOMY OF THE EJACULATORY 
APPARATUS 


The anatomic structures involved in ejaculation are 
the paired reproductive ductal structures derived 
from the mesonephric ducts (epididymides, vasa 
deferentia, seminal vesicles, and ejaculatory 
ducts), the bladder neck, the external urethral 
sphincter, the Cowper and Littre glands, the ure- 
thra, and the periurethral musculature. 


Epididymis 


The epididymis is a single, long, convoluted tubule 
that measures 3 to 4 m in total length, beginning as 
the caput (head) and continuing as the corpus 
(body) and tail (cauda).* Histologically, once distal 
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to the caput, the epididymal tubule is lined 
by pseudostratified columnar epithelium of both 
ciliated and nonciliated types (reviewed by Bel- 
leannee and colleagues). A surrounding network 
of myoepithelial cells is external to this basal 
epithelial layer and transitions into smooth muscle 
cells that are continuous with those of the vas 
deferens. Neural fibers reside in the peritubular 
connective tissue and are predominantly sympa- 
thetic in origin, being sparse proximally and denser 
distally. However, estrogen-dependent factors 
are also important in the basal peristaltic activity 
within the epididymis, including oxytocin and en- 
dothelin-1.4 


Vas Deferens 


The vas deferens measures 25 to 45 cm in length 
from its origin (transition from) the cauda epidid- 
ymis to its junction with the seminal vesicle (the 
confluence of the 2 forms the ejaculatory duct 
complex). Emerging from the scrotum, the vas en- 
ters (external ring) transits and exits (internal ring) 
the inguinal canal. As it dives down toward the 
bladder base, heading for its linkage with the ipsi- 
lateral seminal vesicles, it spatially separates from 
the testicular artery and vein.° Most of the sperma- 
tozoa released during emission are stored within 
the ampullary region, approximately the last 
5 cm. The vasal epithelium is lined by pseudos- 
tratified columnar epithelium, which may contain 
nonmotile stereocilia. The vas deferens has an 
outer, innervated layer, which supplies the inner 
trilaminar muscular wall (middle circular sand- 
wiched between outer and inner longitudinal 
bands).° As reviewed by Westfall and Westfall’ 
and Burnstock and Verkhratsky,® both divisions 
of the autonomic nervous system innervate the 
vas deferens; but the sympathetic system has 
the predominant role. Adrenergic nerve fibers 
have been found in all 3 muscle layers. Norepi- 
nephrine is the primary neurotransmitter, but other 
putative cotransmitters have been discovered, 
including vasoactive intestinal polypeptide (VIP), 
somatostatin, and leu-enkephalin.? Nonadrenergic 
noncholinergic purinergic nerve fibers have also 
been described in perivasal ganglionic cells. 


Seminal Vesicles 


The seminal vesicles are lobulated structures that 
are situated lateral to the ampullary portions of 
the vas deferens.* Each seminal vesicle measures 
approximately 2 cm in width, 4 cm in length, and 
1.5 cm in anteroposterior diameter in the nondi- 
lated state.'° The seminal vesicles contribute 
70% of the fluid to each ejaculate (20% from the 
prostate and 10% from the vasa). The normal 


semen volume ranges from 1.5 to 5 mL. The pH 
of the semen is alkaline (range 7.0-8.5). The 
adventitial lining is rich in blood vessels and termi- 
nal neurons. The seminal vesicles contain a very 
thin single muscle layer. The epithelial lining is 
pseudostratified columnar in nature and contains 
a large number of goblet cells. The alveolar 
arrangement within the seminal vesicles is variable 
from a single simple duct to a cluster of side ducts 
and sacs surrounding a short main central duct.” 
Innervation of the seminal vesicles is similar to 
that of the vasa deferentia via both parasympa- 
thetic and sympathetic connections. Recent data 
have also elucidated nitrergic-mediated signal 
transduction. '':'2 


Ejaculatory Ducts 


Each ejaculatory duct originates at the junction of 
the ampullary vas and seminal vesicle and tra- 
verses the prostate in an oblique posteroanterior 
plane to terminate and empty in the prostatic 
urethra on the verumontanum. 1° 


Bladder Neck 


The bladder neck serves as a physiologic 
sphincter during emission and ejaculation. 
Contraction of the bladder neck, especially during 
emission, is under sympathetic neural control 
(alpha-1 adrenergic). 14 


External Urethral Sphincter 


The external sphincter belongs to the transverse 
perineal muscle group and has somatic innerva- 
tion. The external sphincter surrounds the urethra 
just distal to the verumontanum. 


Perineal Periurethral Muscles 


The bulbocavernosus muscle surrounds the 
corpus spongiosum and urethra and has its origin 
on the central perineal tendon. There are 3 distinct 
somatic reflex arcs, from the glans and anterior 
urethra (the bulbocavernosus reflex) and during 
ejaculation, all mediated via a branch of the peri- 
neal nerve (via the pudendal nerve, S2-4).'°'° 
The ischiocavernosus muscle originates from the 
ischial tuberosity and has similar innervation to 
the bulbocavernosus. 


NEUROPHYSIOLOGY OF EJACULATION 


The process of ejaculation requires the coordina- 
tion and integration of neural and muscular events 
in a highly sequenced fashion involving afferent 
and efferent nerve fibers in association with a spi- 
nal cord coordination center (Spinal ejaculation 


generator, vide infra) as well as cortical input.'! 
Fig. 1 displays the reflex arc. 


Spinal Ejaculation Generator 


The ejaculatory reflex center!” is also referred to 
as the spinal ejaculation generator, the spinal 
pacemaker, the central pattern generator, and 
the spinal pattern generator (as reviewed by 
Coolen and colleagues'®). It is thought to exist at 
the lower thoracic/upper lumbar level of the spinal 
cord. It integrates neural input from higher cere- 
bral centers and peripheral sensory afferents 
with efferent outflow via the sympathetics, para- 
sympathetics, and somatics (vide infra) while 
also coordinating the temporal sequence of the 
ejaculatory process.'° The responsible population 
of specialized neural cells composing the spinal 
ejaculation generator has become known as LSt 
cells (lumbar spinothalamic).7° It seems that gluta- 
mate is the main activating neurotransmitter of 
N-methyl-d-aspartic acid (NMDA) receptors on 
LSt cells.2’ Glutamate’s origin may be from the 
terminus of direct nerve inputs (eg, sensory affer- 
ents from the genital skin or from interneurons 
within and around the LSt cells). Certainly, 
other neurotransmitters may also influence the 
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activation of the ejaculatory reflex because a- 
amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid receptors are expressed in the vicinity of LSt 
cells and neurokinin1 receptors for substance P 
are found on LSt cells.27:29 


Cortical Input to the Spinal Ejaculation 
Generator 


The exact locations of the cortical foci that both 
augment and inhibit ejaculation are poorly under- 
stood. In a variety of nonhuman species, it has 
been demonstrated that the spinal ejaculation 
generator is under both inhibitory and augmentory 
influence from higher centers. These centers 
include the medial preoptic area (excitatory, dopa- 
minergic”*), the paraventricular nucleus of the hy- 
pothalamus (excitatory, oxytocinergic®°), and the 
nucleus paragigantocellularis (inhibitory, seroto- 
nergic*°). Other areas are also being investigated; 
but it is known that, absent cortical influence, as 
occurs in certain spinal cord injuries (SCI), the 
complete ejaculatory reflex can still be elicited. 
Input from the cortex arrives to the spinal ejacula- 
tion generator via the anterolateral columns of the 
spinal cord. 


Caer Mreme 


, 
Frenulum 


Fig. 1. The ejaculatory reflex arc. The coordination center (spinal ejaculation generator) is located in the antero- 
lateral gray matter of the spinal cord at the lower thoracic/upper lumbar level. It integrates afferent input from 
multiple sources, most notably cortical and genital sensory (pudendal nerve, $2-4). Efferent output is through the 
thoracolumbar sympathetics (innervation of the vasal ampullae, the seminal vesicles, the prostate, and the bladder 
neck) and the motor division of the pudendal nerve (innervation of the periurethral musculature). BC, bulbospon- 
giosus; IC, ischiocavernosus; N, nerve; SV, seminal vesicle; VA, vasal ampulla. (From Seftel AD, Oates RD. Disturbed 
sexual function in patients with spinal cord disease. Neurol Clin 1991;9(3):770; with permission.) 
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Afferent Sensory Input to the Spinal 
Ejaculation Generator 


Sensory input from the penis passes via the 
afferent nerve fibers of the pudendal nerve to the 
S2-4 region of the spinal cord. They originate in 2 
bundles innervating the penile shaft/glans and 
the anterior urethra, respectively.'° Nerve fibers 
pass from this region of the cord to the spinal ejac- 
ulation generator located in the T12-L2 area of the 
spinal cord. In man, interruption of the afferent 
nerve fibers from the penis will increase latency 
of ejaculation but will not result in a loss of the 
ejaculatory response.*’ These afferent pathways 
are only one means of relaying sensory input to 
the emission/ejaculation coordination center. As 
long as cerebral pathways and sympathetic 
outflow are intact, ejaculation is possible. 


Efferent Sympathetic Output from the Spinal 
Ejaculation Generator 


Sympathetic nerve cell bodies are located in the 
gray matter lateral columns of the lower thoraco- 
lumbar cord, and their axons travel via ventral 
roots to the paravertebral sympathetic ganglia, 
most without synapsing, heading toward the 
superior hypogastric ganglion (also known as the 
presacral nerve). Most axons pass through 
without interruption. The superior hypogastric 
ganglion overlies the area of the aortic bifurcation 
at the level of the L4-5 vertebral bodies. These 
nonsynapsing nerve fibers are components of 
the hypogastric nerves and terminate in ganglia 
within the adventitia of the target organs (bladder 
neck, seminal vesicles, vasa, and prostate).2°°° 
Mauroy and colleagues?! provided an elegant 
description of the exact anatomic course and 
relationships in the pelvis of the inferior hypogas- 
tric plexus (pelvic plexus). The resultant postgan- 
glionic, nonmyelinated neurons, which innervate 
the effector organs, are termed the short adrener- 
gics. The long preganglionic nerve fibers use 
acetylcholine as a neurotransmitter, whereas the 
short adrenergics use norepinephrine. There may 
well be crossover in the pelvic plexuses as sum- 
marized by Kihara and colleagues.°° Stimulation 
via the superior hypogastric ganglion (presacral 
nerve) induces bladder neck closure and contrac- 
tion of the muscular elements of the prostate, 
seminal vesicle, vasa deferentia, and ejaculatory 
ducts, demonstrating that emission is sympathet- 
ically mediated. In terms of the flow of sperm 
through the epididymis and vas deferens during 
emission, Kihara and colleagues?’ summarized it 
as follows: “When the sympathetic signal reaches 
the cauda epididymis/proximal vas, intraluminal 
pressure of the cauda epididymis/proximal vas 


increases and pushes the contents out to the 
vasal ampulla through the straightened vas defer- 
ens, the wall of the ampulla is distended by trans- 
ported seminal fluid, and both distention and 
excitation of the nerve elicit efficient contraction 
to emit the content into the urethra.”°° 


Efferent Somatic Output from the Spinal 
Ejaculation Generator 


Somatic nerve fibers passing from the ventral horn 
of S2-4, originating in the Onuf nucleus, travel via 
the perineal branch of the pudendal nerve to sup- 
ply the bulbocavernosus and ischiocavernosus 
muscles. ‘°°? Stimulation of this nerve results in 
clonic contraction of the periurethral muscles for- 
cibly directing the contents of the prostatic urethra 
in an antegrade direction. The spinal ejaculation 
generator activates the Onuf nucleus during the 
proper time and in the appropriate sequence as 
described later. 


TEMPORAL SEQUENCE OF THE EJACULATORY 
PROCESS 


Johnson”? and Sultan and colleagues** have re- 
viewed the sequence of events in ejaculation. 
The stimulation that induces the commencement 
of the ejaculatory process can be cerebral, genital, 
or a combination thereof.*° Once a threshold of 
activation is reached, the spinal ejaculation gener- 
ator initiates sympathetic discharge to the bladder 
neck, vasal ampullae, seminal vesicles, and pros- 
tate to induce the emission phase. To prevent the 
retrograde flow of seminal fluid into the bladder, 
the bladder neck first closes followed by the 
orderly contraction and discharge of the contents 
of the prostate, vasa, and seminal vesicles. The 
spinal ejaculation generator simultaneously 
prompts occlusive closure of the external 
sphincter mechanism via the stimulation of the 
efferent somatic outflow contained within the mo- 
tor division of the pudendal nerve. Because of the 
combination of bladder neck coaptation and 
compression of the urethra distally by the external 
sphincter, the inflow of seminal fluid is compart- 
mentalized within a high-pressure zone now 
created in the prostatic urethra. During the later 
stages of emission, as fluid continues to enter 
this area, rhythmic contractions of the bulbospon- 
giosus muscle begin to occur, which, when 
coupled with the synchronized opening of the 
external urethral sphincter, propel the seminal fluid 
bolus in an antegrade direction. This process 
is mediated through the activation of the somatic 
efferents supplying the perineal periurethral 
musculature. This event, is once again, temporally 


integrated and coordinated by the spinal ejacula- 
tion generator within the spinal cord. 

Chronologically, prostatic, vasal, and finally 
seminal vesicle contractions occur.” The secre- 
tions of the bulbourethral (Cowper) glands and 
the urethral glands of Littre are discharged in the 
early part of ejaculation along with the prostatic 
secretions. This discharge results in liquefied 
semen that is later coagulated by the secretions 
of the seminal vesicles, in particular, high- 
molecular-weight seminal vesicle protein. Cine- 
matographically, the seminal vesicles and the 
straight portion of the vasa empty relatively ineffi- 
ciently. In contrast, the ampullary portions of the 
vasa are capable of near complete discharge of 
their sperm-rich contents.°° Contraction of the 
bladder neck during the emission phase has been 
shown on electromyography to be rhythmic in na- 
ture and is most pronounced in the ventral fibers.°° 
Simultaneous tracings of the pelvic floor muscula- 
ture have demonstrated similar rhythmic activity, 
particularly in the bulbocavernosus muscle, with 
between 3 and 7 contractions occurring at 0.8-sec- 
ond intervals at the time of orgasm.*° Electromyo- 
graphic assessment of the contributions of the 
bulbocavernosus and ischiocavernosus muscles 
to ejaculation and erection demonstrated that the 
ischiocavernosus muscle played no role in ejacula- 
tion, its main function being elevation of corpus 
cavernosal pressure during erection.°° 

Therefore, the putative spinal ejaculation gener- 
ator temporally controls and sequentially coordi- 
nates the entire ejaculatory process.*' Not only 
does it integrate the overall neuroanatomical 
events of emission and ejaculation so that they 
occur in proper order, it may also control the intri- 
cate relationships involved in the timing of the indi- 
vidual elements that compose the emission and 
antegrade ejaculatory phases. Under normal 
circumstances, men experience a feeling of inevi- 
table ejaculation and are unable to inhibit the 
continuation of the reflex beyond this point. This 
is thought to occur during emission. 

In patients with SCI with injury levels above the 
sympathetic outflow and in whom reflex ejacula- 
tion is possible by penile vibratory stimulation, 
there is an absence of the sensation of ejaculatory 
inevitability. However, in patients, such as those 
following retroperitoneal lymph node dissection 
(RPLND), in whom seminal fluid emission is absent 
because of the interruption of the peripheral sym- 
pathetic outflow, this sensation is retained. The 
implication of this is that the sensation of ejacula- 
tory inevitability is either a direct response from the 
coordination center occurring coincident with 
emission or is a learned pattern governed by 
cortical centers. 
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In summary, cortical control of human ejaculation 
is poorly understood, although the monoaminergic 
neurotransmitter systems in the area of the hypo- 
thalamus, thalamus, and spinothalamic tracts 
have a definite role in its regulation. A putative 
coordination center (the spinal ejaculation gener- 
ator) is thought to exist in the lower thoracolumbar 
spinal cord. Emission is the result of the contraction 
of the prostate, seminal vesicles, and vasa and is 
under sympathetic neural control as well as the 
closure of the bladder neck and external urethral 
sphincter. Antegrade seminal fluid flow results 
from the opening of the external urethral sphincter 
coordinated with rhythmic clonic contractions of 
the periurethral musculature. Bladder neck closure 
is a sympathetically mediated event, whereas 
external urethral sphincter and periurethral muscle 
contraction is somatically driven. Besides SCI, 
other acquired abnormalities in the neurologic and 
anatomic pathways can lead to anejaculation or 
failure of emission. These causes include RPLND, 
multiple sclerosis (MS), diabetes mellitus, other 
pelvic surgeries, and rarely transverse myelitis. 


DISORDERS RESULTING IN EJACULATORY 
FAILURE 
RPLND 


Surgical removal of the RPLND is an integral part of 
the overall treatment strategy for testis cancer. It 
may be used not only for clinical stage 1 and 2 
but also when residual masses remain after 
chemotherapy.***° The lymph node drainage of 
the testes is anatomically near and admixed with 
the tissues containing the thoracolumbar sympa- 
thetic outflow as detailed earlier. According to 
Beck and colleagues,“ RPLND performed for cli- 
nical stage 1, using the present operative strategy, 
results in postoperative antegrade emission in 97% 
of patients (99% of those who underwent a nerve- 
sparing approach and 89% of those who did not). 
However, Basiri and colleagues** reported that of 
their patients (a similar stage 1 cohort and using 
the Sloan-Kettering modified template), only 61% 
had post-RPLND antegrade ejaculation. So, 
although a great deal of attention is paid to pre- 
serve the sympathetics in and around the aorta 
and its bifurcation, perfect results are not always 
attainable. Disruption in the neuroanatomy of the 
ejaculatory response is not secondary to interrup- 
tion of sacral afferent inflow (sensation from the 
penis/genitals), to disruption of sacral efferent 
outflow (motor to the periurethral musculature), or 
to damage to the spinal ejaculation generator but 
instead only to the peripheral sympathetic innerva- 
tion of the vasa, seminal vesicles, prostate, and 
bladder neck. These men have an orgasmic 
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sensation with sexual stimulation because the 
cognitive signals from above, the sensory input 
from below, the spinal ejaculation generator, and 
the motor outflow are all intact; there is simply no 
contraction of the vasa, seminal vesicles, and pros- 
tate to deliver their contained fluids into the urethra 
(no emission). Obviously, sympathetic damage 
may only be partial. Treatment of men with ejacula- 
tory failure after RPLND is described later but, as 
with all of the conditions described, is easily under- 
stood based on knowledge of the normal neuroan- 
atomical and physiologic pathways. 


Various Types of Pelvic Surgery 


In addition to RPLND, pelvic surgery, such as aor- 
toiliac reconstruction, colorectal excision, and 
lumbar spine investigation, may also result in ejac- 
ulatory dysfunction/failure. For example, up to 
63% of male patients undergoing open aortoiliac 
reconstruction in the past experienced conse- 
quent postoperative ejaculatory dysfunction.*° 
It is also thought that this is caused by surgical 
disruption of the many plexuses and nerves imme- 
diately in front of the aorta and its bifurcation as 
well as more inferiorly at the level of the sacral 
promontory. Using the fact that the superior hypo- 
gastric plexus (SHP) is most often slightly left of 
center, the enveloping tissue, located in the plane 
anterior to the target vessels, can be incised on 
the right and then lifted leftward to preserve the 
delicate neural entanglements as described by 
van Schaik and colleagues.*° Likewise, there is a 
high incidence of ejaculatory dysfunction after 
low rectal surgery. In a prospective study by Nish- 
izawa and colleagues*’ of 207 men having total 
mesorectal incision for low rectal cancer, 47% 
were unable to ejaculate. Lateral lymph node 
dissection was the strongest risk factor identified. 
Studies to determine if a laparoscopic approach 
will be better or worse in preserving both erectile 
and ejaculatory function postoperatively are un- 
derway.*® An open anterior approach to lumbar 
spinal surgery is still occasionally used; ejaculatory 
dysfunction, most often failure of emission, 
occurred in up to 20% of patients. Lu and col- 
leagues? performed an elegant study of the 
anatomic location of the sympathetic plexuses 
vis-a-vis where they might be encountered and 
suggested how to intentionally preserve them dur- 
ing lumbar spinal surgery. It is hoped that this 
complication will become less common but should 
not be unanticipated if surgery occurs in this area. 


Inguinal Herniorrhaphy 


Ejaculatory dysfunction after inguinal herniorrha- 
phy is unusual, only affecting about 3% to 4% of 


patients undergoing this procedure, important for 
fertility in reproductive-aged men.°° Although the 
cause is unknown, it is not a direct result of an 
interruption in the anatomy or neurophysiology of 
ejaculation. Studies suggest that this may be 
caused by pain during the sexual act and ejacula- 
tion, specifically, secondary to entrapment or 
inflammation of the vas deferens and inguinal 
nerves as a response to the mesh used for 
repairs.°' Case reports document improvement 
of dysejaculation following excision of the mesh 
and transection of the ilioinguinal and iliohypogas- 
tric nerves.°' 


Neurologic Illnesses 


MS is a demyelinating, T-cell-mediated autoim- 
mune disease that affects the central nervous sys- 
tem at varying levels. Sexual dysfunction may 
occur in both men and women. Orasanu and col- 
leagues°* reported an ancillary data analysis of 
the 2006 North American Research Committee 
on Multiple Sclerosis (NARCOMS) and determined 
that 39% of men experienced at least 5 different 
types of severe symptoms, including too long to 
achieve orgasm/climax, difficult erection, less 
intense pleasure with orgasm/climax, lack of inter- 
est or desire, and less feeling or numbness in the 
genitals. Few patients actively sought treatment, 
and the length of illness was a predictive factor. 
Similarly, Celik and colleagues? had 45 men 
with MS complete the Multiple Sclerosis Intimacy 
and Sexuality Questionnaire-19 and the Arizona 
Sexual Experiences Scale and reported that 37% 
described some level of sexual dysfunction. Guo 
and colleagues’ provide a comprehensive review 
of the multiple and varied reasons for sexual 
dysfunction in MS, which may be associated with 
“anatomic, physiologic, biologic, medical, and 
psychological factors.” Ejaculatory dysfunction 
and anorgasmia occur in approximately 50% 
and 37% of men, respectively. McDougall and 
McLeod®® succinctly describe the varied auto- 
nomic nervous system abnormalities that may be 
present. Although not specifically addressing ejac- 
ulation, they did find that 50% of men reported 
erectile difficulties that may impair the ability to 
ejaculate as a consequence. 

Transverse myelitis is a rare disorder involving 
inflammation of the spinal cord that may span 
several segments anywhere along its length.°° 
Sexual and ejaculatory dysfunction depends on 
which levels are affected and the residual deficit 
in function that remained after the resolution. 

Neural tube defects may occur at any point 
along the vertebral column and, even if at the 
sacral level, will interfere with the neurophysiology 


of ejaculation. Natural fertility can be seen in those 
with low cord anomalies, as shown by Laurence 
and Beresford?” in 1975, which implies that at 
least emission was intact and that spermatogen- 
esis was adequate enough to initiate pregnancy. 
However, Reilly and Oates°® detailed 10 lumbar 
level young men, all of whom required electroeja- 
culation (vide infra) and all of whom demonstrated 
azoospermia in the retrieved semen specimens. 
On testis biopsy, all had absent spermatogenesis, 
a completely unexpected finding. So, even though 
the obvious impediment to their future fertility was 
the inability to ejaculate that can be overcome with 
electroejaculation, there also seems to be severe 
spermatogenic compromise. Hultling and col- 
leagues”? confirmed poor sperm production capa- 
bility in men with T12-L4 lesions; the results of 
Patel and colleagues®° suggest that this is a prob- 
lem that begins in infancy, if not before. 


Diabetes Mellitus 


Autonomic neuropathy (both sympathetics and 
parasympathetics) and microvascular disease of 
the reproductive ductal structures are common 
sequela in longstanding diabetes mellitus and 
may eventuate in poor or absent emission.°' ©? Up 
to 40% of men with diabetes will complain 
of ejaculatory dysfunction. The vasa deferentia 
and seminal vesicles may lose their ability to con- 
tract as the smooth muscle is replaced by fibrotic, 
calcified tissue. The spectrum of dysfunction 
progresses from retrograde ejaculation (intact vasal 
and seminal vesicle contraction but incomplete, 
simultaneous bladder neck coaptation) to varying 
degrees of vasal and seminal vesicle peristaltic fail- 
ure with reduced/absent sperm quantity and quality 
in the antegrade or retrograde ejaculate.°*°° 


Traumatic SCI 


Ejaculatory failure is a common consequence 
of SCI. According to the National Spinal Cord 
Injury Statistical Center, there are approximately 
12,000 new cases of SCI per year and 270,000 
people alive with spinal injuries in the United 
States in 2012 (www.nscisc.uab.edu).°° The 
average age of injury is 41 years; 80.6% occur in 
males, and 39% are the result of motor vehicle 
accidents. These figures may change, however; 
Schoenfeld and colleagues®’ have reported that 
“American and coalition forces are sustaining the 
highest spine combat casualty rates in recorded 
history and previously unseen injuries are being 
encountered with increased frequency.” SCI sec- 
ondary to civilian gunshot wounds makes up 
approximately 13% to 17% of the total pool of 
cases of spinal trauma, certainly as important a 
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reason as any and often associated with other 
comorbid injuries.°® As reviewed by Brown and 
colleagues,°° sexuality and fertility are appropri- 
ately major concerns for men after SCI; a team 
approach, especially regarding the achievement 
of biologic fatherhood, cannot be overempha- 
sized. Many methods exist to adequately address 
the issue of erectile dysfunction, which is impor- 
tant to both patients and their partners.’°’”' The 
exact nature of the ejaculatory and erectile 
dysfunction in patients with SCI depends on the 
level and completeness of the lesion. Considering 
the level of lesion vis-a-vis the neuroanatomy 
involved in the human ejaculatory response can 
generate expectations for residual ability. For 
example, a complete cervical or high thoracic 
injury will severe the communication of, and pre- 
vent augmentation by, the cortical/cerebral areas 
above with the spinal ejaculation generator below, 
even while the remainder of the reflex arc con- 
tinues on intact. On the opposite end of the spec- 
trum might be an incomplete injury at the sacral 
level, affecting sensory but not motor. Here, the 
incoming neural signals from the penile and genital 
skin may be weaker and less intense than usual 
on their way into and then up the cord to their 
destination at the spinal ejaculation generator. If 
cognitive augmentation is enough of a supple- 
ment, the spinal ejaculation generator may reach 
its critical trigger threshold and initiate the ejacula- 
tory sequence. Forceful expulsion of the seminal 
fluid bolus may be normal or reduced, depending 
on the extent of sacral cord motor output distur- 
bance to the periurethral musculature. 


TREATMENT STRATEGIES FOR EJACULATORY 
FAILURE 


By considering what anatomic structures of the 
ejaculatory apparatus have been injured or what 
neurologic arm of the ejaculatory reflex has been 
interrupted, potential treatment options become 
obvious. One does not need to remember as a 
fact that penile vibratory stimulation (PVS) is not 
a treatment of post-RPLND ejaculatory failure as 
long as one visually conceptualizes the specific 
place or location of the injury and understands 
the ramifications of such. For each therapeutic op- 
tion that might be entertained, in what situations 
might it work and in what situations would it be un- 
helpful and inappropriate? 


Oral Sympathomimetic Medications 


Contraction of the vasal ampullae, seminal vesi- 
cles, bladder neck, and prostate (emission) is 
mediated by the sympathetic outflow from the 
lower thoracic and upper lumbar cord as detailed 
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earlier. Partial or complete surgical disruption of the 
sympathetic plexus, as may occur during retroper- 
itoneal lymph node, aortic, rectal, or lumbar verte- 
bral surgery, may/will compromise emission. Men 
may describe a sense of orgasm with rhythmic 
contraction of the periurethral musculature but little 
or no antegrade seminal fluid flow. If partial in 
nature with the bladder neck not coapting fully, 
the seminal fluid may be propelled retrograde into 
the bladder during emission/bulbospongiosus 
contraction. Many of these men will notice and 
report semen in the urine when voiding after coitus. 
By augmenting any remaining sympathetic tone 
to the vasa, seminal vesicles, and bladder neck 
with alpha-agonist therapy (eg, pseudoephedrine 
60 mg 1 hour before ejaculation) in men whose sur- 
gical injury was partial, retrograde ejaculation may 
be converted to antegrade (increased bladder neck 
closure) or emission is improved enough that sem- 
inal fluid is now being deposited into the prostatic 
urethra and either flowing in an antegrade or retro- 
grade direction during periurethral muscle activa- 
tion. In patients with this type of history, alpha 
agonist therapy is always tried initially.’*”° The 
same holds true for men with emission failure sec- 
ondary to diabetes because their autonomic dys- 
trophy, at least the sympathetic outflow, may be 
helped enough to restore or improve the events of 
emission. By visualizing the site and nature of the 
defect in cases of ejaculatory dysfunction second- 
ary to surgery or diabetes, it is easily realized that 
this is entirely an issue with the sympathetic 
outflow/effect on the vas, seminal vesicles, and 
bladder neck. It is not a problem with cerebral gen- 
ital sensory input, in initiating the ejaculatory reflex, 
or with somatic outflow to the periurethral muscula- 
ture; so maneuvers directed at overcoming issues 
in these realms (vide infra) are not useful. 


PVS 


Genital afferent sensory inflow travels to the sacral 
cord via the sensory division of the pudendal 
nerve, ultimately synapsing directly or indirectly 
on the spinal ejaculation generator. In the normal 
circumstance, both cerebral and genital sensory 
input must be present to trigger the ejaculatory re- 
flex. However, in patients with SCI, connection 
with the higher centers is absent. By providing 
overwhelming supraphysiologic sensory stimula- 
tion to the spinal ejaculation generator through 
application of a vibrator to the penile frenulum, 
activation of the ejaculatory reflex can be initiated 
in the absence of cortical augmentory influence. ‘4 
An important stipulation is that the injury to the 
cord, if complete, be above the sympathetic 
outflow and that the cord below the injury be alive 


and reflexive. That is, the concept of PVS requires 
that the genital afferents and their pathways to 
the spinal ejaculation generator, the spinal ejacula- 
tion generator itself, and the sympathetic and 
somatic efferent output from the spinal ejaculation 
generator are all intact and functional. PVS simply 
initiates the ejaculatory reflex without the help, 
inducement, and motivation provided by the 
cerebral/cortical sexual centers. So, PVS is appli- 
cable to the SCI male with a lesion above the lower 
thoracic/upper lumbar neurologic level who 
cannot generate an ejaculatory reflex during sex- 
ual stimulation and whose cord structures below 
the lesion are viable and lively. If the bulbocaver- 
nosus reflex (BCR) and the hip flexor response 
(HR) are both intact, the patient is much more likely 
to be successful with PVS as they, essentially, 
demonstrate a wholly active reflex arc and integrity 
of all of the neural pathways involved. Bird and col- 
leagues”? reported that if both BCR and HR are 
positive, PVS is successful in inducing an ejacula- 
tory reflex in 94% of men with an injury level be- 
tween T1 and T6 and 67% of men with an injury 
level between T7 and T12. No patient was suc- 
cessful if neither reflex was positive. PVS allows 
for the retrieval of a semen specimen in a very sim- 
ple fashion that then can be used for home self- 
insemination, intrauterine insemination (IUI) or 
in vitro technologies.”° In the appropriate SCI 
male, PVS is the first line option for treatment. 
The first line option is NOT surgical sperm retrieval 
coupled with intracytoplasmic sperm injection. 
PVS involves the use of a vibrator to induce 
ejaculation and can be either one created specif- 
ically for the purpose or one generally purchased 
for massage.’’ Briefly, the device is placed on 
the glans or frenulum. If ejaculation is not elicited 
after 2 minutes of stimulation, another attempt 
can be made after a period of rest. Once ejacula- 
tion occurs, PVS is terminated. The specimen is 
collected in a cup that can then be used in a variety 
of ways depending on the semen parameters as 
well as the other details of the couple. If there 
are more than 4 million motile sperm in the sample, 
intravaginal insemination (IVI) and IUI are the best 
options given their lower cost and less invasive na- 
tures.’ Patients and their partners can be given 
the option of using PVS with IVI at home. To do 
this, patients perform PVS timed with their part- 
ners’ ovulation cycle as measured by temperature 
or urine markers. Once the sample is obtained, it is 
inserted into the vagina by the couple using a nee- 
dleless syringe. Success rates with this method 
are extremely variable, ranging from 25% to 
65%.’° Intrauterine stimulation is a good option 
for patients incapable of performing PVS at home 
but with adequate motile sperm after retrieval. 


The procedure is similar to that described for IUI 
except men undergo PVS or electroejaculation 
(EEJ) in a clinical setting. The sample is then in- 
jected directly into the uterus, resulting in success- 
ful pregnancy in approximately 33% of couples.’”? 
The last option, in vitro fertilization (IVF) with or 
without intracytoplasmic sperm injection (ICSI), is 
the most costly and invasive. This method also 
has a wide variability of reported success, ranging 
from 38% to 100%.’° 

The best candidates for PVS are those men 
with complete SCI above the level of T10. In this 
population, approximately 88% will be success- 
ful.°° For those men that fail to ejaculate, Brackett 
and colleagues?! found that using 2 vibrators can 
salvage 22%, placing one on the dorsum of the 
glans and the other on the frenulum. Men with 
lower lesions, however, (ie, with disruption of 
the penile nerves) have only a 15% success 
with PVS.°?:°° Patients with incomplete lesions 
above T10 also do not have the same success 
because of the cortical inhibition of the ejacula- 
tory reflex. Patients are considered to have failed 
PVS after 2 unsuccessful attempts at least 1 week 
apart. Chehensse and colleagues** provided a 
recent systematic review and meta-analysis in 
which 21 articles provided data regarding the 
success of PVS. The overall ejaculation rate was 
52%: 47% and 53% for patients with complete 
and incomplete SCI, respectively. The investiga- 
tors also concluded that injuries to the T12-S5 
segments, as a whole, markedly decreased the 
success rate, as would be expected based on 
the neuroanatomy of the ejaculatory reflex arc. It 
is easily realized that PVS is not applicable to 
those men whose defect is downstream from 
the ejaculatory reflex such as those with ejacula- 
tory dysfunction after an RPLND or pelvic surgery 
with interruption of their peripheral sympathetic 
outflow. 

Autonomic dysreflexia (AD) is a serious concern 
during PVS in patients with a spinal injury level 
above T6. Any stimulus that elicits a sympathetic 
discharge, such as bladder distention or emission, 
may result in AD. The isolated, enhanced sympa- 
thetic tone from segment T6 and below constricts 
the innervated blood vessels leading to hyperten- 
sion below the injury. The sympathetics above T6 
are inhibited (arterial dilation, headache, and facial 
flushing), and the cranial parasympathetics are 
activated (reflex bradycardia and sweating).°* Pa- 
tients with a history of this response or with an 
injury at the level of T6 or above should be given 
20 mg sublingual nifedipine before beginning the 
treatment. If patients start to become hypertensive 
rapidly, the procedure should be terminated 
immediately. 


Ejaculatory Dysfunction 


Rectal Probe Electroejaculation 


By applying an electrical stimulus directly to the 
vasal ampullae and the seminal vesicles, contrac- 
tion of these structures can be induced with flow of 
their contained contents into the prostatic urethra. 
Rectal probe electroejaculation (RPE) does NOT 
initiate an ejaculatory reflex. It does NOT create 
rhythmic spasmodic activity of the periurethral 
musculature. It merely causes smooth muscle 
contraction in the vasal ampullae and seminal ves- 
icles when the current is applied. Seminal fluid 
typically drips from the urethral meatus but may 
also flow passively in a retrograde direction. It 
can, therefore, be used for patients who have a 
normal rectal vault as well as vasa and seminal 
vesicles that have the capacity to respond to an 
electrical stimulus (they must be patent and peri- 
staltic). General anesthesia needs to be used if pa- 
tients are sensate in the rectal area (eg, status post 
RPLND) or will experience severe AD that is not 
well controlled by nifedipine pretreatment (eg, pa- 
tients with cervical level tetraplegia). Patients are 
placed in the left lateral decubitus position, and a 
rectal probe is inserted with its electrodes facing 
the seminal vesicles and the prostate. Before pro- 
ceeding, a 12Fr or 14Fr catheter is inserted into the 
bladder, the urine emptied, and 10 mL of buffer is 
instilled to optimize the milieu for any sperm that 
may drift in a retrograde direction during the pro- 
cedure. The electrical current is started at 3 to 
5 V and increased in 1- to 5-V increments to a 
maximum of 20 to 30 V.°° The current is abruptly 
terminated after each wave. Stimulation is 
continued until no further fluid is seen dribbling 
from the meatus. The bladder is then recatheter- 
ized to obtain any retrograde specimen. RPE is 
the first-line choice of therapy for men with lower 
spinal cord lesions that have flaccid extremities 
and absent bulbocavernosus and hip flexor re- 
flexes. Because they are usually insensate, RPE 
can be easily performed in an office setting. 
Patients with SCI with thoracic level lesions in 
whom PVS failed are also candidates. If there is 
no rectal sensation and AD can be suppressed 
with nifedipine, RPE can be performed without 
anesthesia. In those men with cervical level injuries 
with severe AD, general anesthesia is the safest 
option. RPE may also be used in other neurologic 
conditions but may fail in patients with diabetes if 
the terminal vasa are aperistaltic without active 
and responsive smooth muscle as often occurs 
as a sequela of long-standing diabetes. The 
Seager Model 14 Electroejaculator (Dalzell Me- 
dical Systems, The Plains, VA) is the only device 
approved by the Food and Drug Administration 
(Fig. 2). 
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Fig. 2. The Seager Model 14 Electroejaculator induces 
contraction of the vasal ampullae and seminal vesi- 
cles. After insertion via the rectum of an appropriately 
sized probe, the electrodes are positioned to face the 
vasa and seminal vesicles, and current is applied for 
5 seconds and stopped for 20 seconds. The current is 
incrementally increased to a maximum of 0.4A. 


The choice of how to use the retrieved specimen 
depends on the other aspects of the couple’s 
circumstance as well as the total motile sperm 
count. For easily obtained specimens in the office 
setting, perhaps IUI can be used. For specimens 
obtained only under general anesthesia and with 
a low number of motile sperm, perhaps cryopres- 
ervation with subsequent IVF would serve the 
couple. In the series of Brackett and colleagues, °° 
RPE was performed 953 times on 210 patients 
with SCI who had failed prior PVS, and sperm 
were retrieved in 92% of the men. Hsiao and col- 
leagues®’ provided an excellent treatment algo- 
rithm for those men with anejaculation after 
postchemotherapy RPLND and noted that sperm 
were found in 15 out of 20 men in whom RPE 
was conducted. When used in the appropriate 
population, RPE can provide semen specimens 
for use as the source of sperm for a variety of ad- 
junctive techniques. 


Direct Microsurgical Sperm Harvesting 


Surgical retrieval of sperm should always be 
considered only after PVS and RPE have failed 
or are deemed inappropriate. The harvested 
sperm need to be used in conjunction with ICSI, 
which is the most intense, complicated, and 
expensive of the adjunctive techniques.®® 


SUMMARY AND THE FUTURE 


The future is both depressing and hopeful. 
Increasing rates of diabetes with the obesity 
epidemic in the United States will surely lead to 
more and more men suffering from ejaculatory 
dysfunction. War trauma to the lower extremities 


and genital structures is being seen more and 
more commonly. However, great effort is being 
made to mitigate the devastating effects of acute 
SCI at the scene, in the hospital, and in extended 
rehabilitation. Perhaps the long-awaited stem cell 
therapeutic advances in this regard are near. As 
we acquire an improved understanding of the 
neurophysiology of ejaculation, perhaps we will 
be able to more effectively provide targeted 
therapy. An example is provided by the recent 
work on purinergic (P2) receptors. P2X receptors 
mediate contraction in smooth muscles, and 
2 subtypes exist in the reproductive ductal struc- 
tures (P2X1 and P2X2). As Gur and colleagues®® 
so elegantly phrased it, “Targeting of extracellular 
or intracellular P2X and/or P2Y receptor signaling 
pathways holds promise in affecting the lower 
genitourinary tract system. Our advancing knowl- 
edge about purine agonists and their pharmaco- 
logic benefits in erectile, ejaculatory, urinary 
bladder and prostatic hyperplasia may service 
clinical problems in the near future”.°° Also impor- 
tant is the continued education of new physicians 
who care for men with SCI so that methods, such 
as PVS and IVI, are foremost in their therapeutic 
algorithm. Surgical sperm harvesting has its role 
but should not always be the first choice. 
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[Varicoceles are present in 35% to 40% of infertile men and represent a highly treatable form of male 


infertility. 


[Varicoceles can result in disordered spermatogenesis, germ cell sloughing within the seminiferous 
tubules, testicular atrophy, and decreased testosterone secretion. 

[Microsurgical varicocelectomy results in improved semen parameters and reproductive outcomes 
with low rates of recurrence and postoperative morbidity. 

[Varicocelectomy is more cost-effective than both IUI and in vitro fertilization as a treatment option 


for affected infertile couples. 


HISTORICAL PERSPECTIVE 


The association of the varicocele with male infer- 
tility derives back to the first century AD when 
Celsius reported a link between dilated scrotal 
veins and testicular atrophy.' Besides supportive 
clothing, no known intervention was offered for 
symptomatic painful varicoceles until the nine- 
teenth century when various methods were estab- 
lished to ligate these dilated veins. Among them 
was the Woods operation, which consisted of the 
passing of wire loops around the scrotal vessels 
and applying tension until they eventually cut 
themselves out.? Another popular modality in- 
volved the use of Andrew varicocele clamp, which 
removed the dilated vessels along with the scrotal 
skin covering these vessels.° Several modifica- 
tions were made on these “varicocelectomy’” tech- 
niques, but the main indication for surgery was 
scrotal discomfort secondary to varicocele. 

The benefits of varicocelectomy with regards to 
male reproduction were not recognized until the 
late nineteenth century. In 1885, Barwell* reported 
on 100 men with varicoceles who underwent 
placement of wire loops around dilated scrotal 
veins and observed an improvement in testicular 


size and consistency. Testicular function was 
augmented by Bennet? in 1889, when he reported 
an improvement in semen quality in a patient who 
underwent bilateral varicocelectomy. In 1929, 
Macomber and Sanders® further elucidated the 
reproductive benefit to varicocelectomy by report- 
ing normal semen parameters and fertility after the 
procedure in an oligozoospermic subfertile pa- 
tient. Despite these early reports, varicocelectomy 
did not gain popularity as a surgical treatment of 
male infertility until the work of Tulloch in 1955. 
In his series of 30 patients undergoing unilateral 
or bilateral varicocelectomy, he demonstrated an 
improvement in semen parameters in 26 patients, 
of which 10 had return to normal fertility with suc- 
cessful pregnancy.’ His conclusion that “where a 
varicocele is associated with subfertility, the vari- 
cocele should be cured” has become part of 
the backbone of reproductive medicine, and nu- 
merous studies have followed demonstrating an 
improvement in semen parameters and pregnancy 
rates in infertile men undergoing this procedure. 
These more contemporary series on varicoceles 
and treatment options, including outcomes data, 
are reviewed in further sections. 
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The varicocele clamps and wire loops were dis- 
continued in the early twentieth century as the liga- 
tion or excision of the pampiniform plexus 
transformed to varicocelectomy through the 
inguinal or scrotal route. Because of the high fail- 
ure rate and the risk of injury to end arteries 
through the scrotal approach, lvanissevich advo- 
cated “high ligation of the internal spermatic 
vein” through either the high inguinal or retroperi- 
toneal approach.” In 1960, he further documented 
his experience with 4470 operative cases, demon- 
strating both low complication and failure rates, 
and many surgeons continue to use some modifi- 
cation of this technique today. More advances in 
varicocelectomy came through the use of micro- 
surgery in the 1980s, when several published 
series demonstrated not only greater efficacy but 
also a reduction in morbidity through better pres- 
ervation of the internal spermatic artery and 
lymphatic channels with higher magnification.°-"' 


ANATOMY 


A varicocele is defined as a dilatation or tortuosity 
of the veins of the pampiniform plexus. Clinically, 
they are found more commonly on the left side, 
although there is wide variation among the re- 
ported prevalence of bilateral varicoceles, which 
range from 30% to 80%.'* An isolated right- 
sided varicocele is extremely rare and raises 
concern about an underlying retroperitoneal mass. 

The reason for the prevalence of left varicoceles 
can be clarified by retroperitoneal anatomy. The 
left internal spermatic vein drains perpendicularly 
into the left renal vein, whereas the right internal 
spermatic vein drains obliquely into the vena 
cava. This basic finding has 2 ramifications that 
contribute to the left-sided predisposition. For 
one, the course of the left internal spermatic vein 
results in a length of approximately 8 to 10 cm 
longer than its right-sided counterpart. This added 
length, coupled with upright posture, results in 
increased hydrostatic pressure, which can over- 
come valvular mechanisms in certain men and 
lead to dilatation and tortuosity of spermatic veins. 
Second, the perpendicular insertion of the left 
internal spermatic vein into the left renal vein ex- 
poses the left spermatic vein to pressure eleva- 
tions within the left renal vein. The oblique 
insertion of the right internal spermatic vein into 
the vena cava, on the contrary, shields the right in- 
ternal spermatic vein from the increased pressures 
within the vena cava. '° The basis for increased hy- 
drostatic pressure and varicocele formation is best 
elucidated by the work of Shafik and Bedeir, '* who 
studied venous tension patterns in spermatic cord 
veins in 32 patients with a left varicocele and 


30 controls. They demonstrated that patients 
with left varicoceles have a venous tension that 
is considerably higher both during rest and during 
Valsalva maneuver compared with that in control 
subjects, with average increases of 19.7 mm Hg 
and 22 mm Hg, respectively. 

The predisposition to varicocele formation is 
also related to abnormalities in valvular mecha- 
nisms among certain patients. In a well-quoted 
study, Ahlberg and colleagues'® performed 
anatomic examination of 30 normal men at au- 
topsy and revealed the complete absence of 
valves in 40% of the left spermatic veins and 
23% of the right spermatic veins. In a follow-up 
study, Ahlberg and colleagues"° performed selec- 
tive phlebography in patients with varicoceles and 
control subjects in the erect position; they demon- 
strated retrograde left internal spermatic vein filling 
in 22 patients with varicoceles and right internal 
spermatic vein filling in 10 patients. They reported 
that some of these patients had no valves and 
others had incompetent valvular mechanics. 
Meanwhile, they did not observe any retrograde 
filling in 9 control patients and 6 patients who un- 
derwent previous varicocelectomy. These studies 
articulate 2 important points: first, valvular mal- 
function or absence does exist in a certain 
segment of the population, and second, the 
absence of valves is more common in the left inter- 
nal spermatic vein. 

There may also be a genetic basis to the valvular 
dysfunction leading to varicocele development. 
Raman and colleagues'’ evaluated 62 first- 
degree relatives of patients with varicoceles and 
found that 56.5% of them had a clinically palpable 
varicocele on physical examination, compared 
with a prevalence of 6.8% in 263 controls. Specif- 
ically, among the first-degree relatives with varico- 
celes, 74% were brothers, 41% were fathers, and 
67% were sons. Although the genetic mechanisms 
predisposing to varicocele formation remain to be 
elucidated, these results suggest an inheritance 
pattern of this anatomic finding. 

Most anatomic research has been conducted 
on the internal spermatic vein and varicocele for- 
mation; however, there are some data to suggest 
that dilated external spermatic (cremasteric) veins 
can also contribute to primary or recurrent varico- 
celes. In 1980, Coolsaet! retrospectively re- 
viewed 67 patients with left varicoceles who 
underwent preoperative venography and demon- 
strated that the cause of varicoceles stems from 
dysfunction within the internal spermatic vein, 
obstruction of the common iliac vein (resulting in 
dilated external spermatic veins), or both mecha- 
nisms. Murray and colleagues‘? evaluated 44 vari- 
cocele recurrences and reported that 58% of 


these are due to inguinal (external spermatic) col- 
laterals. Using 4 mm as the threshold for vein dila- 
tion, Chehval and Purcell?° identified dilated 
external spermatic veins in 49.5% of 93 varico- 
celes in 67 patients. It is generally acknowledged 
that these external spermatic veins can lead to 
varicocele formation and recurrence, and stan- 
dard inguinal or subinguinal varicocelectomy calls 
for routine inspection and ligation of these external 
spermatic collaterals. In addition to demonstrating 
varicocele recurrences due to venous collaterals 
that bypass the inguinal portion of the spermatic 
cord, Kaufman and colleagues?’ report that 7% 
of recurrences are due to scrotal collaterals. This 
finding forms the basis for delivery of the testicle 
during varicocelectomy and ligation of all guber- 
nacular veins exiting from the tunica vaginalis. 
Goldstein and colleagues** report a lower recur- 
rence rate (0.6%) with delivery of the testis and 
adaption of the microsurgical technique. 


PATHOPHYSIOLOGY 


It is well acknowledged that varicoceles can cause 
progressive testicular damage and infertility. Lip- 
shultz and Corriere demonstrated that varicoceles 
result in testicular atrophy in both fertile and sub- 
fertile men.*° Multiple histologic studies have 
explored this phenomenon on the microscopic 
level. Not only is there the loss of testicular mass 
with varicoceles, but also there can be substantial 
areas of testicular dysfunction. Scott reported his 
findings after having performed bilateral testicular 
biopsies in 17 patients with unilateral varicoceles; 
he found hypospermatogenesis with decreased 
thickness of germinal epithelium in both testes.*4 
Several others have confirmed his findings and 
have also reported areas of spermatogenic arrest, 
sloughing of spermatogenic cells, and “Sertoli cell 
only” histology associated with the presence of 
unilateral varicoceles.*° Saleh and colleagues?’ 
reported testicular biopsy results from 37 azoo- 
spermic men with varicoceles; these revealed 
complete spermatogenesis with disorganization, 
sloughing, and low to moderate sperm counts in 
30% , arrested spermatogenesis in 38%, and “Ser- 
toli cell only” histology in 32% of cases. Despite 
the extensive testicular dysfunction in these azoo- 
spermic men, the authors showed that the degree 
of histopathologic impairment is independent of 
the clinical grade of the varicocele. The same de- 
gree of testicular damage was equally associated 
with either grade | or grade III varicoceles. 

It remains unclear when an otherwise incidental 
varicocele may become pathologic. Gorelick and 
Goldstein reported that varicoceles were palpable 
in 35% of men presenting with primary infertility 
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and in 81% of men with secondary infertility. The 
men with secondary infertility had significantly 
lower mean sperm concentration, poorer mor- 
phology, and higher follicle-stimulating hormone 
levels than did men with varicoceles and primary 
infertility.” Their findings suggest that varicoceles 
cause a progressive decline in fertility and can 
continue to induce impairment of spermatogen- 
esis, despite prior fertility. Chehval and Purcell?° 
followed men with varicoceles presenting for 
fertility evaluation at 9- to 96-month intervals and 
found a statistically significant deterioration in 
sperm density and motility, suggesting progres- 
sive testicular deterioration. 

There are several hypotheses that attempt to 
explain the correlation between varicoceles and 
testicular dysfunction. The most widely acknowl- 
edged mechanism is that of testicular hyperther- 
mia. Human testicles are approximately 15€ to 
2 less than normal body temperature. Scrotal 
thermoregulation is maintained by thin scrotal 
skin, which lacks subcutaneous fat and a counter- 
current heat exchange system involving the pam- 
piniform plexus. This system, first proposed by 
Dahl and Herrick,” allows arterial blood to be 
cooled as it is delivered to the testis and enables 
the lower temperatures ideal for testicular func- 
tion. In most men, scrotal temperatures are lowest 
during the standing position; however, standing 
also intensifies varicoceles and may prevent the 
reduction in testicular temperature.°° In 1973, 
Zorgniotti and Macleod?’ reported that oligozoo- 
spermic patients with varicoceles had bilateral in- 
trascrotal temperatures that were significantly 
higher by 0.6™€ to 0.7" than those of normal con- 
trols. Goldstein and Eid?? used sensitive needle 
thermistors to measure intratesticular and bilateral 
scrotal surface temperatures in anesthetized infer- 
tile men with unilateral varicoceles and normal 
controls, and they demonstrated an average tem- 
perature increase of 2.5°€ in men with varicoceles. 
Several other studies have demonstrated an in- 
crease in intrascrotal temperature in men with var- 
icoceles, although there is controversy on the 
amount of elevation. 

Animal and human studies show that this addi- 
tional heat can be detrimental to spermatogenesis. 
Lue and colleagues** exposed the scrota of rats to 
434 for 15 minutes, which resulted in increased 
apoptosis for spermatocytes and spermatids. Yin 
and colleagues,** using an adult mouse model of 
experimental unilateral cryptorchidism, showed 
that exposure of the testis to abdominal tempera- 
ture results in increased DNA fragmentation, loss 
of testicular weight, histologic evidence of germ 
cell loss, and widespread apoptosis of germ cells 
(particularly primary spermatocytes and round 
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spermatids). Although human studies also confirm 
the association between varicoceles, elevated 
scrotal temperatures, and testicular dysfunction, 
not all men with varicoceles share this phenome- 
non. Lewis and Harrison? demonstrated that 
men with varicoceles and abnormal spermatogen- 
esis had higher scrotal temperatures compared 
with men with varicoceles and normal results in 
semen analyses. To confound the picture further, 
Mieusset and colleagues*® demonstrated that 
infertile men with abnormal spermatogenesis 
have higher scrotal temperatures compared with 
fertile men, regardless of the presence of a varico- 
cele. Although the scrotal temperatures of infertile 
men with varicoceles were significantly higher than 
those of fertile men, they did not differ significantly 
from those of infertile men without varicoceles. 

The persistence of scrotal hyperthermia and 
abnormal semen parameters in only some men 
with varicoceles remains a clinical mystery. Nu- 
merous studies have investigated various molecu- 
lar markers in men with varicoceles to see why 
these dilated tortuous veins have a harmful effect 
on spermatogenesis in only some men. One inter- 
esting theory involves the heat shock proteins 
(HSPs) and heat shock factors (HSFs), both of 
which generally have a protective function. Acti- 
vated by increased temperature and stress, 
HSPs and HSFs serve as molecular chaperones 
that mitigate the stress-induced denaturation of 
other proteins, allowing cells to survive in poten- 
tially lethal conditions.°” Lima and colleagues*® 
have shown that the gene expression of one 
particular HSP, HSPA2, is downregulated in ado- 
lescents with varicoceles and oligozoospermia 
compared with both adolescents without varico- 
celes and adolescents with varicoceles and 
normal sperm concentration. Yeşilli and col- 
leagues?’ confirmed that HSPA2 level is lower in 
patients with varicoceles and abnormal semen 
parameters and that this expression increases 
significantly after varicocelectomy. These studies 
suggest that HSPA2 expression may be a marker 
of thermal tolerance in men with varicoceles. Other 
studies have demonstrated additional HSPs and 
HSFs in ejaculated sperm of men with varicoceles 
and impaired spermatogenesis, although the clin- 
ical significance of these molecular markers re- 
quires further investigation.*° 

Hypoxia and oxidative stress also play a role in 
varicocele pathophysiology. In a rat varicocele 
model, Kiling and colleagues*' demonstrated 
that the levels of various markers for hypoxia and 
angiogenesis, namely, hypoxia inducible factor- 
1alpha (HIF-1alpha) and vascular endothelial 
growth factor, were significantly elevated in rats 
with surgically induced varicoceles compared 


with a sham operated cohort and a control group. 
In men with a grade 3 unilateral varicocele under- 
going varicocelectomy, Lee and colleagues‘? 
demonstrated that HIF-1alpha expression is 
7-fold higher in the internal spermatic vein 
compared with control subjects. Both these 
studies confirm that varicoceles are associated 
with increased hypoxia, and this may contribute 
to testicular dysfunction. Further, increased oxida- 
tive stress has also been associated with varico- 
celes. Hendin and colleagues? demonstrated 
that patients with varicoceles had significantly 
higher reactive oxygen species (ROS) levels 
compared with controls; however, these levels 
did not differ significantly between infertile men 
with varicoceles and fertile men with varicoceles. 
Likewise, total antioxidant levels were significantly 
lower among men with varicoceles, regardless of 
fertility status. Other markers for oxidative stress, 
namely, nitrotyrosine and 4-hydroxy-2-nonenal— 
modified proteins, have also been identified in 
men with varicoceles.***° ROS production in 
semen has been associated with loss of sperm 
motility, decreased capacity for sperm-oocyte 
fusion, and loss of fertility.“° Surgical correction 
of the varicocele is associated with decreased 
oxidative stress; Mostafa and colleagues*’ re- 
ported that varicocelectomy results in a significant 
reduction in ROS levels and also an increase in the 
antioxidant capacity of semen in infertile men. 

The reflux of renal and adrenal metabolites into 
the spermatic vein is also hypothesized to con- 
tribute to varicocele pathophysiology. Given 
venography studies, which demonstrate reflux of 
blood from the renal vein to the spermatic vein, 
along with venous pooling secondary to the dila- 
tion and tortuosity of the varicocele, it is thought 
that these renal and adrenal metabolites can be 
toxic to testicular function. However, there is 
considerable inconsistency among studies exam- 
ining the presence of these metabolites in repro- 
ductive tissues. Comhaire and Vermeulen“® 
reported increased catecholamine levels in the in- 
ternal spermatic vein of patients with varicoceles, 
but other investigators were unable to confirm this 
finding.*®°° Elevated levels of prostaglandins E 
and F, both of which are antispermatogenic in an- 
imal models, have been identified in the internal 
spermatic vein in patients with varicoceles.°'°? 
In addition, elevated levels of the potent vasodi- 
lator adrenomedullin have been identified in the 
spermatic vein of patients presenting for varico- 
cele repair; it is thought that this metabolite may 
disturb the countercurrent heat exchange system 
of the spermatic cord.°° 

Hormonal dysfunction has also been associated 
with varicoceles and can contribute to their 


pathophysiology. Animal studies using surgically 
induced varicoceles show subsequent reductions 
in serum and intratesticular testosterone 
levels.”^55 Comhaire and Vermeulen®® have 
demonstrated that decreased plasma testos- 
terone concentrations are found in men with vari- 
coceles. In one of the largest studies to date, the 
World Health Organization published data on 
9034 men presenting for an infertility evaluation 
and reported that men older than 30 years with 
varicoceles had significantly lower testosterone 
levels than younger men with varicoceles. Mean- 
while, this trend was not observed in men without 
varicoceles, suggesting a progressive detrimental 
effect of the varicocele on Leydig cell function.°” 
However, other reputable series have not shown 
any significant differences in plasma testosterone 
in men with varicoceles compared with normal 
men.°°:°° Additional studies suggest Leydig cell 
dysfunction and decreased testosterone synthesis 
in some men with varicoceles. Weiss and col- 
leagues®° reported that the testicular tissue of 
men with varicoceles and severe oligozoospermia 
have suppression of in vitro testosterone synthesis 
compared with normal controls. Sirvent and col- 
leagues°' studied testicular histology in men with 
varicoceles and reported increased Leydig cell 
cytoplasmic vacuolization and atrophy and a 
decrease in the total number of Leydig cells; this 
was true of bilateral testicular tissue in men with 
a unilateral varicocele. 

The reversibility of Leydig cell dysfunction with 
varicocele treatment remains controversial. With 
retroperitoneal varicocelectomy, historical studies 
by Hudson and colleagues“? and Segenriech and 
colleagues®* report an insignificant increase in 
testosterone from preoperative levels, although 
both study populations were small (14 and 24 
patients, respectively). Conversely, Su and col- 
leagues®? reported a statistically significant in- 
crease in serum testosterone levels in 53 infertile 
men with varicoceles undergoing microsurgical 
inguinal varicocelectomy. Mean serum testos- 
terone increased from a preoperative level of 
319 to 409 ng/dL, suggesting that varicocelec- 
tomy can improve Leydig cell function in men 
with varicoceles. In addition, they found an in- 
verse correlation between preoperative testos- 
terone levels and change in testosterone levels 
after varicocelectomy, which suggests that pa- 
tients with lower preoperative serum testosterone 
levels and potentially more testicular dysfunction 
might achieve the greatest benefit from varicocele 
treatment. Tanrikut and colleagues reported 
data on 200 men undergoing varicocelectomy 
and reported a significant increase in serum 
testosterone levels in 70% of patients; however, 
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they did not find any association between change 
in testosterone level and age, laterality of varico- 
cele, or varicocele grade. These findings confirm 
the benefit to varicocelectomy in improving testic- 
ular function in some men and also suggest that 
the improvement in testosterone biosynthesis is 
independent of age and varicocele severity. 
Nonetheless, the reversibility of hormonal dys- 
function by varicocelectomy remains controver- 
sial, and, to date, no best practice policy 
statements or guidelines advocate varicocelec- 
tomy for isolated hypogonadism. 


PRESENTATION 


Varicoceles are present in 15% to 20% of the gen- 
eral population but in approximately 35% to 40% 
of men presenting for an infertility evaluation.°°°° 
Any man presenting with a known varicocele 
who has a possible interest in future paternity 
should be offered a thorough medical and repro- 
ductive history, a physical examination, a hormone 
profile, and semen analysis testing. 


Diagnosis 


A meticulous physical examination is paramount 


to accurately diagnosing a varicocele. Ideal condi- 
tions include a warm room, a comfortable and 
cooperative patient, and a skilled clinician. To 
facilitate examination of the scrotal contents, the 
scrotum should be warm and relaxed. A cold envi- 
ronment or uncomfortable patient may result in 
shrinkage or tightening of the scrotum, which can 
make a varicocele more difficult to palpate. 
Some clinicians have even recommended a heat- 
ing pad to ensure the accuracy of the physical ex- 
amination.©° The patient should be examined in 
both the recumbent and upright positions. 

These tortuous dilated veins have been 
described as a “bag of worms” by Dubin and Ame- 
lar°’ and may be significantly reduced or even 
disappear when the patient is in the supine posi- 
tion. When a varicocele is suspected but not 
clearly palpable, the patient should perform a Val- 
salva maneuver in the standing position. This exer- 
cise will enable the dilated veins to become more 
engorged, and the clinician may palpate a discrete 
pulse when examining the cord. Typical findings 
include dilated veins above the testis within the 
spermatic cord, most commonly on the left side, 
along with ipsilateral or bilateral testicular atrophy. 
Although isolated right varicoceles do occur, they 
are extremely rare and should raise the question 
of an underlying retroperitoneal process such as 
lymphadenopathy. Furthermore, varicoceles that 
do not reduce in the supine position should raise 
the same concern and merit further investigation. 
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The varicocele grading system, as proposed by 
Dubin and Amelar,® as is follows: 


Grade 1, small Palpable only with the 
patient standing and 
performing a concurrent 


Valsalva maneuver 


Palpable with the patient 
standing, without a 
Valsalva maneuver 

Visible through the scrotal 
skin and palpable with 
the patient standing 


Grade 2, 
moderate 


Grade 3, large 


Clinical varicoceles are defined as varicoceles 
that are palpable on physical examination, and 
only these varicoceles have been associated with 
infertility. Although there are several radiologic 
modalities available, routine use of imaging 
studies is not recommended for the detection of 
subclinical varicoceles in patients without a 
palpable abnormality.©® 


Ultrasonography 


Scrotal ultrasonography is not indicated for routine 


evaluation of men with varicoceles. However, in a 
situation in which the physical examination is 
inconclusive, scrotal ultrasound examination can 
be used for clarification. Chiou and colleagues®® 
demonstrated a sensitivity of 93% and specificity 
of 85% for color flow Doppler ultrasonography 
(CDU) when compared with physical examination 
(Fig. 1). All moderate to large varicoceles found 
on physical examination were detected by CDU 
diagnosis. Petros and colleagues’? demonstrated 
that CDU detected 93% of varicoceles found on 
physical examination and provided the best corre- 
lation with venography. Thus, in situations in which 
physical examination may be challenging due to 
scrotal size or skin thickness, CDU may be a useful 
adjunct to the diagnosis of varicocele. 


Caution with scrotal ultrasonography persists 
because of the detection of subclinical varicoceles 
and the controversy surrounding their manage- 
ment. Mihmanli and colleagues”! used CDU in 
208 testes units in infertile patients without clinical 
varicoceles on physical examination and detected 
94 subclinical varicoceles. However, correction of 
subclinical varicoceles has not been proved to 
positively affect fertility. Grasso and colleagues”? 
randomized 68 infertile patients with subclinical 
varicoceles to varicocelectomy versus observa- 
tion and found no improvement in sperm quality 
or paternity. Yamamoto and colleagues”? reported 
similar findings in 85 infertile patients; they noted 
an improvement in sperm density, but there were 
no significant differences in sperm motility, 
morphology, or pregnancy rate. Because of the 
dearth of data showing any reproducible benefit 
for the treatment of subclinical varicoceles, wide- 
spread use of ultrasonography to screen for 
dilated spermatic veins is not advocated. 

Scrotal ultrasonography is useful in patients who 
have undergone prior surgery and in whom recur- 
rence or persistence of varicocele is suspected. In 
addition, ultrasonography is more accurate than 
physical examination or orchidometer when as- 
sessing testicular size, especially when there is 
the concern for progressive testicular atrophy. 
Thus, although ultrasonography is not routinely 
used in the diagnosis of varicocele, it may supple- 
ment physical examination findings in some cases 
and should be used at the discretion of the treating 
clinician. 


Venography 


Retrograde spermatic venography is generally 
considered to be the most sensitive test for the 
detection of varicoceles. However, it is fairly inva- 
sive and usually only performed in conjunction 
with therapeutic occlusion. Access is usually ob- 
tained via the right femoral vein or right internal ju- 
gular vein, as described by Seldinger, and a 
catheter is advanced to the testicular vein and a 
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Fig. 1. (A) Scrotal ultrasonography demonstrated dilated tortuous veins consistent with varicocele (arrows). 


(B) Doppler flow in patient with grade 3 varicocele. 


contrast agent injected.’* In patients with palpable 
varicoceles, reflux has been reported in 100% of 
patients. '© However, the specificity of this modal- 
ity has been questioned, as there is a considerable 
false-positive rate. Netto Junior and colleagues’° 
demonstrated no statistically significant differ- 
ences in the presence of spermatic vein reflux in 
subfertile patients with varicoceles, fertile patients 
with varicoceles, and normal controls. 

There is also considerable technical variability 
with diagnosis, ’° and thus venography is consid- 
ered an adjunct to physical examination and usu- 
ally reserved for situations where treatment can 
be pursued in the same setting. An interesting 
concept proposed by Hart and colleagues” advo- 
cates intraoperative spermatic venography during 
varicocelectomy, with a reported 16% collateral 
drainage rate that could have resulted in varico- 
cele persistence if those specific veins were not 
ligated. Given the low recurrence rate and ad- 
vances with microsurgery, intraoperative sper- 
matic venography is not routinely performed; 
however, it can provide a more precise anatomic 
definition of venous anatomy in postsurgical pa- 
tients with varicocele persistence or recurrence. 
For this reason, a common indication for venog- 
raphy is a recurrent or persistent postsurgical vari- 
cocele; thus, difficult venous anatomy can be well 
delineated and simultaneous treatment offered. 
Punekar and colleagues’® reported a success 
rate of 85% in patients with recurrent varicoceles 
using stainless steel coil embolization. 


TREATMENT INDICATIONS 
Infertility 


As per the American Urological Association Best 
Practice Policy “Report on Varicocele and Infer- 
tility,” varicoceles should be treated when all the 
following conditions are met: 


1. Varicocele is palpable on physical examination 
of the scrotum. 

2. The couple has known infertility. 

3. The female partner has normal fertility or a 
potentially treatable cause of infertility. 

4. The male partner has abnormal semen param- 
eters or abnormal results from sperm function 
tests.°° 


With regards to infertility, varicocele treatment is 
not indicated if semen parameters are normal or if 
the varicocele is subclinical. Adult men who are 
not actively trying to conceive but present with 
an incidental varicocele should be counseled on 
fertility risk and offered at least 1 semen analysis 
to evaluate their reproductive capacity. Although 
not all men with varicoceles have abnormal semen 
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parameters, a substantial proportion of them may 
have reduced counts, decreased motility, and/or 
abnormal morphology. '*:7° Because they may try 
to achieve conception sometime in the future, 
men with clinically palpable varicoceles and ab- 
normal semen parameters should be informed of 
definitive varicocele treatment options. 

Men with clinically palpable varicoceles and 
normal semen parameters may be at risk for future 
testicular dysfunction. Witt and  Lipshultz’? 
demonstrated that varicoceles are capable of 
causing progressive fertility loss. In their date- 
matched retrospective analysis, they noted that 
varicoceles were identified as the cause of infer- 
tility in 69% of men with secondary infertility 
compared with 50% of men with primary infertility, 
suggesting that varicoceles are progressive le- 
sions resulting in the loss of previously established 
fertility. Gorelick and Goldstein’s work, as previ- 
ously discussed, supported this finding.” For 
this reason, young adult men with clinically 
palpable varicoceles, normal semen parameters, 
and a desire for future paternity should be offered 
monitoring with serial semen analyses every 1 to 
2 years. If abnormal results are obtained, semen 
analyses should be repeated, and if progressive 
dysfunction persists, they can be offered definitive 
treatment of varicocele. In addition, men with sec- 
ondary infertility and clinically palpable varicoceles 
should be offered the same treatment as individ- 
uals presenting with primary infertility. 

Young men with clinically palpable varicoceles 
and objective evidence of testicular atrophy may 
also be considered for varicocele treatment. 
Semen analyses can be offered to further clarify 
reproductive potential in this population, although 
reduced ipsilateral testicular size may alone 
indicate testicular dysfunction secondary to vari- 
cocele.®° Sigman and Jarow®' reported that pa- 
tients with unilateral left varicoceles and 
ipsilateral testicular hypotrophy had significantly 
reduced semen parameters compared with pa- 
tients without hypotrophy. Thus, adolescents and 
young men with varicocele-associated testicular 
growth retardation should be offered treatment. 
In patients with varicoceles but with normal (ipsilat- 
eral) testicular size, routine follow-up should 
include objective measurements of testicular size 
and/or semen analyses to detect the earliest sign 
of testicular dysfunction. 

With the advent of advanced assisted reproduc- 
tive technologies (ARTs), many couples with male- 
factor infertility secondary to varicocele may 
ultimately choose between varicocele treatment 
and IUI or in vitro fertilization/intracytoplasmic 
sperm injection (IVF/ICSI). Although many factors 
may influence this decision, couples should be 
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routinely counseled that varicocele repair might 
offer a permanent solution to male-factor infertility, 
whereas IUI or IVF/ICSI must be used for each 
pregnancy attempt. Moreover, there is consider- 
ably greater cost savings for varicocele treatment 
versus IUI/IVF or IVF in patients with isolated 
varicocele-related infertility.°*:°° 

Varicocele treatment is not routinely recommen- 
ded when IVF is necessary secondary to a female 
factor. However, in certain cases with both male 
and female factor components, varicocelectomy 
can augment ART efforts. In some azoospermic 
or cryptozoospermic patients, varicocele repair 
can lead to improved numbers of ejaculated sperm, 
thereby sparing these men a testicular sperm 
extraction. Kim and colleagues®* reported that 
approximately 43% of patients with azoospermia 
had return of sperm in the ejaculate after unilateral 
or bilateral varicocelectomy. These patients also 
underwent simultaneous testicular biopsy, which 
revealed that only men with severe hypospermato- 
genesis and maturation arrest spermatid stage had 
improvement in sperm density (patients with 
Sertoli-cell-only or maturation arrest spermatocyte 
stage did not demonstrate a benefit). Although all 
couples eventually required some form of ART to 
achieve a pregnancy, this study contends that 
certain patients with spermatogenic failure and var- 
icoceles may be candidates for varicocele repair, 
instead of resorting to testicular sperm extraction 
in preparation for ICSI. Additional studies regarding 
the benefit of varicocelectomy with ART are dis- 
cussed a subsequent section. 


Hypogonadism 


The progressive negative effect of varicoceles on 
Leydig cell function has been previously discussed 
along with the association of varicoceles and low 
serum testosterone in some men. With greater pub- 
lic awareness of hypogonadism and concern for 
varicoceles as a significant risk factor for androgen 
deficiency, there is an ongoing debate regarding 
the benefit of varicocelectomy for improving serum 
testosterone. Earlier studies did not show a statis- 
tically significant increase in serum testosterone 
after varicocelectomy; however, many of these 
studies were smaller scale*®:°* and included pa- 
tients with normal to above-normal baseline testos- 
terone levels.°°°° Meanwhile, studies by Su and 
colleagues®? and Tanrikut and colleagues™ have 
shown not only that varicocelectomy leads to an 
improvement in serum testosterone but also that 
men with lower preoperative testosterone levels 
derived the most benefit. Hsiao and colleagues?” 88 
corroborated this finding in infertile men with base- 
line lower testosterone values and confirmed that 


significant increases in serum testosterone post- 
varicocelectomy are independent of varicocele 
grade or age. 

Although this biochemical response in previ- 
ously hypogonadal men is interesting, it is worth- 
while to also assess the effects of varicocele 
treatment on the signs and symptoms of hypogo- 
nadism. Many younger men with hypogonadism 
may present with low energy, diminished libido, 
and erectile dysfunction (ED). Srini and Veera- 
chari? evaluated 200 heterosexual, hypogonadal 
infertile men with clinical varicoceles and divided 
them into 2 groups: those who underwent varico- 
celectomy and those who underwent ART. In the 
varicocelectomy group, they observed a statisti- 
cally significant increase in serum testosterone 
levels with 78% of patients becoming eugonadal. 
As expected, there was no change in serum 
testosterone levels in the hypogonadal men with 
varicoceles who underwent ART. However, they 
observed a reduction in ED among patients in 
the varicocelectomy group; the prevalence of ED 
decreased from 44% to 31%. Meanwhile, there 
was a mild increase from 39% to 41% in ED 
among those who were in the ART group and did 
not have correction of their serum testosterone. 
Zohdy and colleagues”? performed a similar study 
with 141 heterosexual infertile hypogonadal men 
with clinical varicoceles divided into a varicocelec- 
tomy treatment arm and an ART arm. They also re- 
ported a significant increase in serum testosterone 
levels in the varicocelectomy arm with normaliza- 
tion of testosterone levels in 75.5% of these 
men. Moreover, they reported a significant in- 
crease in the International Index of Erectile Func- 
tion 5 questionnaire results in hypogonadal men 
undergoing varicocelectomy, suggesting clinical 
improvement with regards to erectile function in 
symptomatic men. 

Varicocelectomy for men with low testosterone 
levels is a controversial and an evolving concept; 
it is not at this time considered to be a standard of 
care. To date, the body of evidence regarding vari- 
cocele treatment and low testosterone has primarily 
focused on populations of infertile men. Further- 
more, there are no studies on the long-term mainte- 
nance of higher testosterone levels after varicocele 
repair. Nonetheless, there is emerging evidence to 
suggest that microsurgical varicocelectomy may 
be a promising alternative to the medical treatment 
of hypogonadism and potentially prevent future 
androgen deficiency in some men. 


Symptomatic Varicoceles 


Varicoceles can also present with pain, which is 
typically a dull ache and localized to the scrotum 


or inguinal area. There is tremendous variability 
in the frequency, character, and intensity of this 
discomfort, and other potential causes of pain 
must be explored before the varicocele is 
treated. Common conservative measures include 
scrotal support/elevation, antiinflammatory med- 
ications, and analgesic agents. Patients may also 
benefit from a referral for pelvic floor physical 
therapy or consultation with a pain medicine 
specialist. 

When conservative measures prove inade- 
quate, definitive treatment of the varicocele can 
be offered, although patients should be coun- 
seled that surgery may not relieve their discom- 
fort. There is considerable variability regarding 
surgical outcomes for symptomatic varicoceles, 
but most reports show a high rate of success in 
relieving discomfort. These studies include sub- 
jects ranging from 11 to 284 patients, although 
the majority includes data on less than 100 pa- 
tients. Rates for resolution of pain and improve- 
ment of pain after varicocelectomy range from 
53% to 94% and 42% to 100%, respectively.°' 
Most contemporary studies use the microsurgical 
subinguinal approach,°* although all other op- 
tions such as laparoscopic and robotic tech- 
niques have also been used with respectable 
results.°°:°4 


TREATMENT OPTIONS 


The cornerstone of varicocele treatment is disrup- 
tion of the internal spermatic venous drainage of 
the testicle while preserving the internal sper- 
matic artery, the vasal and deferential vessels, 
and the spermatic cord lymphatics. Definitive 
treatments for varicocele include surgery and 
radiographic venous embolization. Although all 
approaches have been shown to be effective, 
there is the general preference among many urol- 
ogists to favor surgery given their expertise with 
various surgical approaches to varicocelectomy 
and its minimal complication rate. There are 
several surgical options available, and they are 
discussed later. 


Inguinal and Subinguinal Approach 


Most varicocele repairs are conducted using either 
of these 2 approaches. The inguinal approach, 
initially described by Ivanissevich,® necessitates 
exposure and incision of the external oblique 
aponeurosis. Care should be taken to avoid injury 
to the ilioinguinal nerve. The spermatic cord is then 
identified and mobilized at the level of the pubic tu- 
bercle, and it is carefully elevated and secured 
with a Penrose drain. This exposure also facilitates 
exposure of large external cremasteric vessels 
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that can contribute to the varicocele. 1° With Loupe 
magnification or microsurgery, the inguinal ap- 
proach allows excellent identification of the 
internal spermatic artery and vein before consider- 
able branching transpires. 

The subinguinal approach does not involve inci- 
sion of the external oblique fascia and has been 
shown to minimize postoperative discomfort.°°°° 
This approach is preferred at our and many other 
centers. After making a skin incision at the level 
of the external inguinal ring, the spermatic cord is 
mobilized immediately below at the level of the pu- 
bic tubercle and secured with a Penrose drain. Any 
large external cremasteric vessels should be iden- 
tified and ligated. Because there is considerable 
branching of the internal spermatic vein at the sub- 
inguinal level, most urologists use microsurgery 
with this approach to effectively recognize and 
preserve the testicular artery, vas deferens, and 
lymphatic vessels. 

Microsurgical varicocelectomy has been shown 
to have a higher success rate and minimal compli- 
cation rates when compared with nonmicrosurgi- 
cal modalities.°”°° Large-scale retrospective 
studies have documented extremely low recur- 
rence and complication rates; these complications 
can include hydrocele formation, testicular atro- 
phy, recurrent pain, and infection.27°° All patients 
should be counseled about the indications, risks, 
and benefits of surgery, including realistic assess- 
ments with regards to their outcome of interest 
(eg, fertility, pain). These procedures can be 
performed under local, regional, or general anes- 
thesia, although we favor use of general anes- 
thesia with either a laryngeal mask airway or 
endotracheal tube. The patient is supine on the 
operating room table with standard perioperative 
precautions such as padding, deep venous throm- 
boembolism prophylaxis, and intravenous antibi- 
otics for prophylaxis against gram-positive skin 
organisms. We use an operating microscope 
with a dual ocular system for our procedures. 

A 2.5- to 3-cm oblique incision is typically made 
over the external inguinal ring and then deepened 
through Camper and Scarpa fascias. Using 
Richardson retractors, the spermatic cord is 
exposed and gently dissected by sliding a finger 
longitudinally from the external ring to the upper 
scrotum. The cord is then manipulated, placed 
over a 1-inch Penrose drain, and carefully deliv- 
ered to skin level. We typically expose and ma- 
neuver the cord using manual dissection, but 
some favor use of a Babcock instrument to gently 
grasp the cord and aid in delivery.°° Through 
manual retraction of the spermatic cord with the 
Penrose drain, perforating external spermatic 
vessels are identified and carefully ligated. 
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At this point, the operating microscope is 
brought into the field and the cord is examined un- 
der 8 to 15 power magnification. Many different 
approaches to cord dissection have been de- 
scribed in the literature. We use Gerald pickups 
and Bovie electrocautery to carefully dissect 
through the external and internal spermatic fas- 
cias. The spermatic cord is secured under the 
operating surgeon’s index finger (usually standing 
on the contralateral side of the table), and the vas 
deferens with associated vessels is maneuvered 
medially. The edges of the external and internal 
spermatic fascia are secured medially and later- 
ally, thus exposing and flattening out the internal 
spermatic vessels. This exposure transforms the 
cord from a cylindrical, 3-dimensional structure 
to a more 2-dimensional configuration, facilitating 
identification of individual vessels. The dissection 
is carried out as proximally as possible to the 
external inguinal ring. 

The micro-Doppler is introduced to help locate 
the internal spermatic arteries before fine dissec- 
tion begins. We request that the anesthesiologist 
maintain the patient’s systolic blood pressure 
greater than 100 mm Hg to assist us in isolating 
an arterial Doppler signal and also to help us visu- 
alize subtle pulsations that indicate arterial flow. If 
there is the concern for vasospasm, we irrigate the 
field with lidocaine 1% solution. Other surgeons 
recommend papaverine (30 mg/mL) diluted in a 
1:5 ratio with saline to help dilate the arteries. '°° 
Once the artery is identified, care is taken to pro- 
tect it and reidentify it several times through the 
fine dissection to confirm preservation. All internal 
spermatic veins are ligated with 3-0 or 4-0 silk and 
divided, although some surgeons use surgical 
clips for venous occlusion. Any lymphatics are 
also identified and preserved. Dissection is then 
carried out through the cremasteric fibers, and 
any cremasteric arteries identified are also pre- 
served. All cremasteric veins are ligated and 
divided. The cord is repeatedly examined to 
ensure no other veins (other than those preserved 
in the vas deferens packet) are visualized. The in- 
ternal spermatic arteries are also reassessed 
with Doppler to ensure flow. 

At the completion of the varicocelectomy, the 
spermatic cord should have patency of only testic- 
ular and cremasteric arteries, lymphatics, and vas 
deferens with its associated vessels. After con- 
firming adequate hemostasis, the wound is irri- 
gated and the cord is returned to its orthotopic 
position. Scarpa and Camper fascia are closed 
with absorbable sutures, and the incision is infil- 
trated with a local anesthetic. The skin is closed 
with a running subcuticular closure and reinforced 
with Steri-strips, followed by a dry sterile dressing. 


Alternative Surgical Approaches 


The retroperitoneal approach, originally described 
by Palomo, 1° involves ligation of the internal sper- 
matic vein superior to the internal ring. The skin 
incision is made at the level of the internal ring 
medial of the anterior superior iliac spine, and 
dissection is carried out through the external and 
internal oblique fascia and muscles. The internal 
spermatic vein is visualized and then ligated and 
divided. A principle advantage of this technique 
is that it enables identification of the internal sper- 
matic vein before it extensively branches; a signif- 
icant disadvantage of this approach is that it does 
not allow access to the external spermatic veins, 
which have been shown to contribute to varico- 
celes.'® Furthermore, some patients may have 
more pain during the recovery period due to 
dissection of the abdominal musculature.°° 

The scrotal approach, addressed here for histor- 
ical reasons, is no longer favored because of its 
substantial rate of injury to the spermatic arteries 
and resultant testicular atrophy/loss.°° Although 
it can be performed under local anesthesia, this 
approach has an unacceptably high complication 
rate, which includes a 40% incidence of hydro- 
celes.'°* This technique is no longer considered 
a viable option for performing varicocelectomy. 

With advancements in minimally invasive sur- 
gery and the increasing familiarity that many 
urologists have with laparoscopy, laparoscopic 
varicocelectomy provides another mode of treat- 
ment. It is an intraperitoneal procedure, which 
has its own inherent risks, and involves high liga- 
tion of the spermatic vein. The procedure is similar 
to the open retroperitoneal approach in that 
external spermatic vessels are not identified and 
may put the patient at risk for varicocele per- 
sistence or recurrence. However, there is less 
postoperative pain and faster return to normal ac- 
tivities following laparoscopic surgery compared 
with the retroperitoneal technique. One additional 
advantage of the laparoscopic approach is that it 
enables bilateral ligations in an efficient and expe- 
ditious manner. Unilateral or bilateral varicocelec- 
tomy can also be executed resourcefully if a 
patient is undergoing another laparoscopic proce- 
dure at the same time. Overall, laparoscopy has 
been shown to be safe and efficacious when per- 
formed by experienced surgeons, although the 
incidence of postoperative hydrocele and varico- 
cele recurrences was higher than in microsurgical 
varicocelectomy. 109 


Percutaneous Venous Occlusion 


Embolization is considered a nonoperative ap- 
proach to varicocelectomy, and the technique 


has been described earlier in this article. The 
advantage of radiological venous embolization is 
quicker recuperative time and less pain. Success 
rates of varicocele treatment are slightly less 
than that of open surgery, with most large series 
ranging from 85% to 95%.'°%'°5 Complications 
can include vascular perforation, coil or balloon 
migration, and the risk of allergic contrast reac- 
tion.°° Furthermore, concern exists regarding radi- 
ation exposure and its potential effect on 
spermatogenesis in a population of subfertile men. 


TREATMENT OUTCOMES 


Most studies reporting efficacy data on varicoce- 
lectomy are nonrandomized retrospective ana- 
lyses and report improvements in semen 
parameters and fertility. Although their results 
are promising, they generally contain a diverse 
patient population with varied inclusion or exclu- 
sion criteria, inadequate study designs, and 
limited data on preoperative and postoperative 
parameters, all of which make a meta-analysis 
of the data challenging. Further, several studies 
suggest no benefit, especially with regards to 
pregnancy outcomes. '°°'°® To clarify this issue, 
the National Institutes of Health supported a 
multicenter randomized controlled trial on varico- 
cele repair to obtain better data on pregnancy 
and live birth rates. However, this trial was 
stopped after 2.5 years because of low recruit- 
ment (only 3 patients were randomized), reflecting 
the general unwillingness of most fertility-desiring 
couples to be placed in the placebo arm.'°° 

A review of the earlier literature in 1994 by 
Schlesinger and colleagues''® demonstrated an 
improvement in semen parameters after varicoce- 
lectomy in subfertile men. A recent meta-analysis 
by Agarwal and colleagues''' confirms this 
finding. Their inclusion criteria was stricter than 
previous meta-analyses; they included only 
studies with infertile men with clinically palpable 
unilateral or bilateral varicoceles, and at least one 
abnormal semen parameter who had undergoing 
surgical varicocelectomy, and insisted on at least 
3 semen analyses per patient. Seventeen studies 
were included, and the combined analysis demon- 
strated that sperm concentration increased by 
9.71 million/mL and motility increased by 9.92% 
after microsurgical varicocelectomy. After high- 
ligation varicocelectomy, the combined analysis 
revealed that sperm concentration increased by 
12.03 million/mL and motility increased by 
11.72%. Morphology increased by 3.16% with 
both approaches. In this thorough meta-analysis, 
these investigators have shown that surgical 
varicocelectomy is an effective treatment for 
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improving semen parameters of infertile men with 
a Clinically palpable varicocele. 

Despite these improvements, treatment of vari- 
coceles for fertility remains controversial. There is 
considerable variability with regards to pregnancy 
outcomes after varicocele repair in infertile cou- 
ples. A recent Cochrane review concluded that, 
although there is evidence suggesting that varico- 
cele repair may improve a couple’s chance of preg- 
nancy, the quality of available evidence is low. ''2 
Marmar and colleagues''® explored the efficacy 
of varicocelectomy with regards to spontaneous 
pregnancy. In their meta-analysis, which focused 
exclusively on pregnancy outcomes, they found 
that infertile men with a clinically palpable varico- 
cele were 2.63 to 2.87 times more likely to achieve 
a spontaneous pregnancy following surgical vari- 
cocelectomy compared with observation. 

A recent randomized controlled trial by Abdel- 
Meguid and colleagues''* corroborates this 
finding. A total of 145 infertile men with clinical var- 
icoceles were allocated in a one-to-one fashion 
to either an observation (control) arm or subingui- 
nal microsurgical varicocelectomy. There were 
no changes in the semen analysis in the control 
arm, but the treatment arm demonstrated signifi- 
cant improvements in sperm concentration, 
motility, and morphology. Moreover, patients in 
the treatment arm were 3.04 times more likely to 
achieve a spontaneous pregnancy compared 
with their counterparts. 

For patients with nonobstructive azoospermia, 
testicular sperm extraction coupled with in vitro 
fertilization and intracytoplasmic sperm injection 
is typically required for conception. Clinically 
palpable varicoceles are found in 4.3% to13.3% 
of men with azoospermia or severe oligozoosper- 
mia, and the role of varicocelectomy in these men 
has been controversial given the probability that 
these men may still be subfertile after the sur- 
gery.''° Weedin and colleagues’ conducted a 
meta-analysis on varicocele repair in this patient 
population using 11 publications during the past 
20 years. Their total patient population was 233 
men with azoospermia undergoing varicocelec- 
tomy, and 39.1% of them had motile sperm in 
the ejaculate after surgery. A total of 14 sponta- 
neous pregnancies were reported. However, 
testicular pathology was identified as a predictor 
of success; patients with maturation arrest 
(42.1%) or hypospermatogenesis (54.5%) were 
significantly more likely to benefit than patients 
with Sertoli-cell-only histopathology (11.3%, 
P<.001). Thus, these investigators advocate that, 
although varicocelectomy may have a role in non- 
obstructive azoospermia, histopathology should 
be considered before varicocele repair. 
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Even if the use of ART is inevitable, varicocele 
repair can augment the chance of a successful 
pregnancy. In a small series, the IUI success rate 
was higher after varicocele repair.''’ Esteves 
and colleagues''® evaluated the effect of varico- 
celectomy on intracytoplasmic sperm injection 
and found that infertile men undergoing varicoce- 
lectomy have an improved number of motile sperm 
and a decreased sperm defect score. In addition, 
they observed significantly higher clinical preg- 
nancy and live birth rates and a decreased miscar- 
riage rate in the varicocele-treated group. Thus, 
even in situations requiring some form of ART, 
treatment of clinical varicocele in men with mark- 
edly decreased semen quality increases the cou- 
ple’s ability to conceive. With improvement in 
semen parameters, varicocele repair may also 
enable some couples to undergo IUI before pro- 
ceeding to more advanced ART. 


VARICOCELECTOM Y IN 2034: WHAT DOES 
THE FUTURE HOLD? 


No one has a “crystal ball” or other tool to foresee 
the future, but that should not preclude one from 
considering the future and all of the possibilities 
that it might provide diagnostically and therapeuti- 
cally. Varicoceles are a highly prevalent condition, 
and it is known that, although some men suffer 
marked reproductive or endocrine impairment as 
a result, other patients remain unscathed. We 
envision that an additional 20 years of academic 
investigation and technical advances will afford 
us more “front end” tools to determine which pa- 
tients will be more susceptible to the pathophysi- 
ology caused by varicoceles and which patients 
will remain less adversely affected. As is the case 
in so many domains of medicine, there is likely a 
genetic component to these outcomes. Several in- 
vestigators are already working on sperm and 
seminal markers of susceptibility for damage 
wrought by varicoceles, and we suspect that in 
20 years we might be able to more effectively 
stratify patients for this risk based the basis of 
such clinical markers. Technically, further ad- 
vances in microsurgical optics and instrumenta- 
tion will surely come to pass. The incredible 
advances of the preceding 20 years have included 
increased precision in instrumentation, smaller 
Doppler probes with enhanced functionality, and 
more optimized microsurgical optics. Although 
some researchers are currently investigating the 
role of robotics in the setting of varicocelectomy, 
it is unclear how much, if any, technical advantage 
this approach affords in performing the procedure. 
In 20 years, this question will surely have been 
answered with greater clarity. 


Ultimately, the “holy grail’ of varicocele treat- 
ment would be a reliable, safe, specific, and effec- 
tive treatment that does not involve a surgical 
incision or percutaneous access of the great veins. 
These authors suspect that much more than 
20 years will need to pass for this “holy grail’ treat- 
ment to be realized. 
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KEY POINTS 


[Hormonal contraception has offered the most promising results with the greatest amount of clinical 
research. It will likely include a combination of androgen and a progesterone analogue with 
extended-interval depot injections and/or implants, although a tremendous amount of research 
is ongoing to develop alternative oral or transdermal formulations. 

[Jnhibition of the testicular retinoic acid pathway through existing agents such as WIN-18,466 or 
BMS-18943 seems to offer a viable, safe, and reversible mechanism for male contraception 


although more clinical work needs to be done. 


[dnterruption of the postepididymal extracellular eppin-semenogelin complex, either through proven 
immunologic methods or theoretic pharmacologic antagonists, has a promising safety and revers- 


ibility profile. 


INTRODUCTION 


Compared with female contraceptive methods, 
male alternatives are few and relatively underused. 
Currently, the only readily available methods of 
contraception for men include vasectomy, con- 
doms, and withdrawal. The first 2 methods ac- 
count for only 8.9% of global contraceptive use.‘ 
Surveys have demonstrated that nearly 80% of 
men believe contraception is a shared respon- 
sibility and globally more than 50% of men 
endorsed interest in an alternative male contracep- 
tive. These studies demonstrate an unmet need 
for alternative male contraception. This review dis- 
cusses currently available, soon to be available, 
and potential targets for male contraception. 


CURRENTLY AVAILABLE METHODS 
Condoms 


Reports of barrier methods date back to Imperial 
Rome; however, the first recorded descriptions of 
a condom were in the 16th century. For more 
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than 400 years, sheathlike barrier methods of 
contraception have been used to prevent infection 
and pregnancy. They have evolved from animal 
intestines to latex and polyurethane-based prod- 
ucts. Compared with other contraceptive methods, 
condoms offer low cost, ease of use, near absence 
of side effects, and reduction in transmission of 
sexually transmitted infections. Although the 
perfect-use failure rate of condoms is 2% in 1 year 
of use,° with actual use, the failure rate is 17% 
per year. The relatively high failure rate, coital- 
dependent slippage, and perceived reduction in 
pleasure are common reasons for lack of use. 
Because of their safety and ability to protect against 
sexually transmitted infections, condoms are likely 
to remain the recommended method for young 
men who have not fathered children and are not in 
a stable monogamous relationship. 


Vasectomy 


Vasectomy was first described in the early nine- 


teenth century in the United Kingdom as a 
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procedure first performed on dogs.’ It first came 
into clinical practice in the late nineteenth century 
as a treatment of prostatic enlargement as an 
alternative to castration, and enjoyed moderate 
popularity as such®® until it was realized that it 
offered no benefit in this regard. It was then used 
in the treatment of postprostatectomy epididy- 
moorchitis and it was not until the 1970s that 
routine vasectomies stopped being performed 
with prostatectomies. Oschner'® first suggested 
vasectomy as a contraceptive method, not, how- 
ever, for elective purposes but rather as a eugenic 
procedure and an alternative to castration for 
“criminals, degenerates and perverts.” For the first 
half of the twentieth century, vasectomy was a 
popular means of eugenic sterilization in the 
United States and in Europe. In the second half 
of the twentieth century, as eugenic vasectomy 
fell out of favor, elective vasectomy became 
increasingly more popular in the United States 
and globally. 

Compared with elective female sterilization 
(laparoscopic tubal ligation or transcervical hys- 
teroscopic methods), vasectomy is underused. 
Globally, 5 times as many female sterilizations 
are performed as vasectomies despite being 
associated with increased morbidity and mortal- 
ity, higher cost, and increased use of general 
anesthesia.'' In the United States, nearly 3 times 
as many couples elect to have tubal sterilization 
compared with vasectomy. '*'° In addition, there 
are distinct ethnic and socioeconomic differences 
among those who elect to have male or female 
sterilization. Vasectomy is most common in non- 
Hispanic whites (17.4% ) with a college education 
(16.7% compared with 3.0% among those 
without a high school diploma), whereas tubal 
sterilization is most common in non-Hispanic 
blacks (32.7%) and those without a high school 
education (36.4% compared with 13.0% of 
college-educated women). 

It is estimated that between 175,000 and 
550,000 vasectomies are performed annually. 1415 
It is a highly effective procedure with failure rates 
typically less than 1%.'° In the United States, 
most vasectomies are performed by urologists 
as an outpatient procedure under local anes- 
thesia. '° Although vasectomy reversal procedures 
exist and are practiced regularly by specialists, 
vasectomy is intended to be a permanent form 
of contraception. Vasectomy requires a postop- 
erative period of alternative contraception until 
azoospermia is documented. The most common 
side effects include a 1% to 2% incidence of 
symptomatic hematoma, a 3.4% incidence of 
infections, and a 15% to 52% incidence of chronic 
scrotal pain.” However, a recent prospective 


study of 625 men followed at 7 months found 
that 15% had some degree of scrotal pain and 
only 0.04% had pain severe enough to affect qual- 
ity of life. '® 

Although the procedure is by no means novel, 
there are multiple variations in technical ap- 
proaches, such as no-scalpel vasectomy and 
other minimally invasive approaches versus 
scalpel vasectomy. Incisions may be singular 
and midline or bilateral. Perivasal fascia may be 
interposed between the 2 cut segments or not. 
Cautery may be mucosal, intraluminal, extended 
nondivisional, or not used at all. The testicular 
end may be left open in an attempt to minimize 
chronic pain or closed to reduce recanalization 
or failure. Ligation of the ends may be preformed 
with clips or suture. The 2012 American Urological 
Association guidelines on vasectomies found that 
the evidence studying the effectiveness of these 
technical variations is limited and only grade C 
evidence exists.'° However, the expert opinion 
was that as long as the procedure is performed 
through a minimally invasive approach, such as 
no-scalpel vasectomy or with a small (<10 mm) 
incision using specialized instruments for vasal 
isolation, uses mucosal cautery and fascial inter- 
position when the open testicular end is opted 
for, virtually all of the technical variations have 
documented approximately less than 1% failure 
rate and are acceptable as long as the surgeon 
has a similarly acceptable failure rate. 


HORM ONAL 


By far the most widely studied form of male 
contraception that currently remains unavailable 
is hormonal contraception. Known since the 
1930s'° and actively pursued since the 1970s, 
male hormonal contraception is analogous to 
female hormonal contraception, working primarily 
through inhibition of the hypothalamic-pituitary- 
gonadal axis. Sometimes called pretesticular 
contraception, hormonal contraception inhibits 
spermatogenesis by inhibiting release of pituitary 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH), thereby decreasing intratesticular 
testosterone levels. Because viable sperm can 
exist for up to 8 weeks after production, there is 
a delay of several months before sufficient oligo- 
spermia or azoospermia is achieved, during which 
alternative contraception must be used. This sup- 
pressive effect of testosterone on spermatogen- 
esis can be augmented by the addition of 
progesterone analogues and GnRH antagonists. 
Numerous formulations of testosterone in various 
injectable, implantable, transdermal, or oral forms, 
along with their modulators in different iterations of 
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doses and frequencies have been studied and [EHave no short-term or long-term toxic side 
published. In developing an alternative male con- effects 

traceptive, an ideal agent should have the [Have no impact on the eventual offspring 
following parameters fulfilled, as outlined by Nies- [Rapidly effective and fully reversible 

chlag and colleagues”° (Fig. 1): [More effective than condoms 


[=Wpplied independent of the sexual act Pure Androgen 


[EAcceptable for both partners ———— a _aa._EE= 
[Not interference with libido, potency, and sex- High-dose testosterone depot injections alone, 
ual activity for the purpose of achieving azoospermia, have 


TTS/LNG n=11 


A B 4 8 12 16 20 24 28 32 36 44 52 


Study week 
EE Azoospermia C) Sperm concentration > 3 mill/mL 


[== Sperm concentration <1 mill/mL Ha Sperm concentration 1 - 3 mill/mL 


Fig. 1. Effectiveness of various testosterone (T) and progestin combinationsin termsof suppression of spermato- 
genesis. LNG, levonorgestrel; NETA, noresthisterone acetate; NETE, noresthisterone enanthate intramuscular; TTS, 
transdermal T; TU, Tundecanoate intramuscular. (From Nieschlag E, Zitzmann M, Kamischke A. Use of progestins 
in male contraception. Aeroids 2003;68:968; with permission.) 
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been studied extensively since the 1970s. Unfortu- 
nately, most oral testosterone formulations have 
either poor bioavailability or hepatic toxicity and 
exogenous administration currently requires depot 
injections, implants, or transdermal gels to achieve 
consistent levels without frequent dosing several 
times a day.2**° 

Two large, multinational, multicenter studies 
sponsored by the World Health Organization 
published in the 1990s showed that 200 mg intra- 
muscular injections of testosterone enanthate (TE) 
every week produced azoospermia in 65% of men 
after 4 months with 0-0.8 pregnancies per 100 
person-years and oligospermia (defined as <3 
million sperm/mL) in all but 2.2% with associated 
pregnancy rates of 8.1 per 100 person-years.7*7° 
The combined failure rate of the regimen was 1.4 
pregnancies per 100 person-years, comparable 
with the female contraceptive pill, and improved 
with increasing severity of azoospermia. Although 
less than 3 million sperm/mL was seen as suffi- 
ciently adequate compared with currently avail- 
able methods, oligospermia of less than 1 million 
sperm was seen as ideal. 

This regimen was largely well tolerated with 
minimal reversible side effects seen in a quarter 
of the subjects (weight gain, acne, increased ag- 
gressiveness and libido, hypertension, depression, 
tiredness, decrease in testicular volume, increase 
in hemoglobin, and decrease in high-density lipo- 
protein [HDL]). Largely, the failure in 2% of patients 
to achieve sufficient oligospermia and the inconve- 
nience of weekly injections along with side effects 
leading to high attrition rates in the studies were 
seen as the major disadvantages of this regimen. 
Some of the side effects seen in these studies 
were believed to be caused by the unstable phar- 
macokinetics of early preparations of testosterone 
leading to the use of testosterone undecanoate 
(TU) in later studies, which can be administered 
every 1 to 2 months. 


Ethnic Differences 


One of the important findings of these studies was 
an increased effectiveness in East-Asian popula- 
tions with lower sterilization rates seen in whites 
after exogenous testosterone administration. This 
led to the oft-quoted figure of one-third of whites 
not responding to testosterone alone. The reasons 
for this are uncertain and may be related to differ- 
ences observed between these groups in terms of 
cultural acceptance, general adiposity, testicular 
parenchymal weight, testosterone production rates, 
sex-hormone binding globulin affinity, 5a-reductase 
activity levels, prevalence of certain polymorphisms 
of the uridine diphosphoglucuronosyl transferase 


(UDGT) gene responsible for hepatic glucuronida- 
tion of testosterone, the number of CAG or GGC re- 
peats at the N-terminus of the androgen receptor 
affecting affinity for testosterone, or suppressibility 
of LH.7° 

Certain practical features of this ethnic differ- 
ence have been noted, such as the observations 
that addition of progestins closes the gap?” and 
that Asian men recover faster after withdrawal of 
exogenous testosterone.° In addition, it has un- 
dermined certain uncontrolled studies in East 
Asia that found high efficacy rates in combined 
progestin and androgen regimens in that the 
added benefit of the progestin and applicability 
to white populations was uncertain given the 
known difference in response.7° 

Studies of monthly injectable TU in Chinese men 
have been promising. A recent study of 1045 men 
found effective suppression to the level of less 
than 1 million sperm/mL in 94% of men with a 
pregnancy rate of 1.1 per 100 men after 2 years 
of study and 1554.1 person-years of exposure.°° 
The most common side effects were acne, severe 
cough after injection, mood or behavior changes, 
and incomplete recovery of testicular volume in 
28% of men at the end of the 12-month recovery 
phase. Theoretically, this dosing interval could be 
further extended to 10 to 14 weeks if castor oil 
were used as a solvent rather than tea seed oil,’ 
further adding to patient satisfaction. Although 
these results are promising, this regimen is unlikely 
to be as effective in white groups based on the 
findings from the large multinational World Health 
Organization (WHO) studies. 


Testosterone 1 Progestin 


The addition of progesterone derivatives (called pro- 
gestins or progestagens) to testosterone increases 
the rates of spermatogenesis inhibition by further in- 
hibiting pituitary production of gonadotropins and 
possibly acting directly on germ cells.°* Progestins 
alone may be sufficient for inhibiting spermatogen- 
esis; however, without exogenous testosterone, a 
hypogonadal state would be induced with its resul- 
tant undesirable side effects. Together, progestins 
and testosterone have synergistic effects, affording 
a lower dose of testosterone to achieve sufficient 
suppression of spermatogenesis and achieve it in 
a shorter time than testosterone alone.*° The lower 
doses of testosterone required with concomitant 
progesterone more closely approximates a eugona- 
dal state. This is important because the high doses 
required for spermatogenesis inhibition in the 
testosterone-only regimens may actually support 
spermatogenesis in nonresponders by maintaining 
intratesticular testosterone levels.°* 


Various progestins have been combined with 
testosterone including cyproterone acetate, levo- 
norgestrel, desogestrel, etonogestrel, norethister- 
one enanthate, medroxyprogesterone acetate, 
and depot medroxyprogesterone acetate 
(DMPA).?22327.33-37 As progestins may be formu- 
lated in effective oral, injectable, implantable or 
transdermal forms, testosterone remains the 
limiting agent with regard to bioavailable formulation 
when the 2 are combined. Progestins can have 
proandrogenic (norethisterone) or antiandrogenic 
(cyproterone) activity, resulting in increased weight 
gain, lower HDL levels, lower sex-hormone binding 
globulin levels. They may also promote proinflam- 
matory cytokines that are linked to adverse cardio- 
vascular events,°° leading to a preferred practice 
of giving only the minimal necessary dose. 

Bebb and colleagues** randomized 36 patients 
to 100 mg of weekly intramuscular TE alone or 
TE with daily oral levonorgestrel and found that 
96% of the combined group achieved oligosper- 
mia (defined as <3 million sperm/mL) on average 
in 9 weeks and 5 weeks faster than with TE alone. 
This regimen was well tolerated with comparable 
rates of weight gain, acne, and decrease in HDL 
between the 2 groups. 

In another promising study by Kamischke and 
colleagues,°° the dosing interval was spread out 
to every 6 weeks of intramuscular 1000 mg TU 
with concomitant depot injections of norethister- 
one enanthate. With this regimen, 13/14 patients 
achieved azoospermia with only 1 having insuffi- 
cient oligospermia of 10 million/mL. Azoospermia 
was achieved on average by 8 weeks. This re- 
gimen was also well tolerated with several volun- 
teers experiencing mild acne, mild nocturnal 
sweating, and a maximum reversible weight gain 
of 3.7 kg. 

The TU/NET-EN study was the most recent 
multinational WHO study on combined depot 
injections of TU and norethisterone enanthate 
every 2 months. The study was stopped prema- 
turely and results are soon to be published.*° 
Patients were enrolled from 2008 to 2010 and the 
study was discontinued by the review panel in 
2011 for concerns of depression, other mood 
changes, increase in sexual desire, and pain at 
the injection site at higher rates than expected. 
In addition, 2 serious adverse events were judged 
to be either possibly or probably related to 
the study regimen but the specifics are unavailable 
for scrutiny at this time. By April 2011, 321 
men were enrolled, 110 of whom completed the 
12-month efficacy phase and 103 of whom were 
completing the recovery phase. The regimen was 
reportedly efficacious with few pregnancies 
reported; however, because of the previously 
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mentioned concerns and early termination, it is 
unlikely that this regimen will be further developed 
Clinically. 


Oral Testosterone 


Oral TU with progesterone has been studied for 
the purposes of male contraception and was 
reported as early as 1980.414? These early studies 
demonstrated suppression of spermatogenesis, 
but not to levels sufficient for infertility. Current 
regimens still require dosing 2 to 3 times a day, 
making it inconvenient for contraceptive pur- 
poses.*° In 1 small cohort of 8 men taking oral 
TU with oral cyproterone acetate, oligospermia of 
less than 3 million sperm/mL and azoospermia 
was achieved in 75% of men; however, a revers- 
ible 1 g/dL decrease in hemoglobin level was 
seen as well.** This induced mild anemia was 
believed to be caused by the antiandrogenic prop- 
erty of cyproterone acetate, making it fall out of 
favor relative to the other progestins. Perhaps 
with future developments and improved pharma- 
cokinetics, male oral contraception may show 
more promise. 


Implants 


Crystalline testosterone pellet formulations have 
been around for more than 70 years and were 
largely outside clinical focus.*° With the goal 
of achieving steady levels of testosterone with 
zero-order release kinetics, these testosterone 
implants were rediscovered and investigated for 
contraceptive purposes.*°*’ The pellets are 
made of fused crystalline testosterone and in- 
jected subdermally under local anesthesia into 
the abdominal wall and dissolve without need for 
removal. They provide the benefit of administration 
at intervals of up to 6 months apart. Occasionally, 
they can extrude from the injection site although 
this occurs relatively infrequently and improves 
with operator experience.*® 

Handelsman and colleagues*® demonstrated 
severe oligospermia of less than 1 million sperm/ 
mL or azoospermia in 9/9 patients after 2 months 
after 1200 mg of testosterone-only pellet. This 
small study was done after the first large WHO- 
sponsored study but before the second in which 
severe oligospermia of less than 3 million sperm/ 
mL was found to have acceptable pregnancy 
rates. As a result, Handelsman’s goal was azoo- 
spermia, making their rate of 56% seem inade- 
quate. In a follow-up study, they achieved similar 
results at a lower dose of 800 mg testosterone 
only, but when DMPA was added, azoospermia 
was produced in 9 of 10 men, with severe oligo- 
spermia in the remaining man.*’ Recovery was 
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seen at 7 months after implant and 2 extrusion ep- 
isodes occurred in 30 administrations. In yet 
another study with repeated dosing of this regimen 
every 4 months in 55 men for 12 months, no preg- 
nancies were seen over the 35.5 person-years 
studied.** Only 2 of 55 men did not achieve azoo- 
spermia and did not enter the efficacy phase. They 
experienced a fairly high attrition rate of 49% but 
did not attribute this to medical reasons or intoler- 
ance of the formulation but rather an absence of a 
financial incentive strong enough to offset the 
inconvenience of study participation. In another in- 
stallment in this series of studies, the addition of 
implantable estradiol at 10 mg or 20 mg was found 
to add insignificant rates of azoospermia and had 
unacceptable side effects of androgen deficiency 
and estrogen excess.’ 

A separate series of studies by Martin and col- 
leagues°° of 31 men given 300 mg of testosterone 
implants with varying doses of oral desogestrel 
over 8 weeks found no significant adverse meta- 
bolic or behavioral effects. Although their objec- 
tive was primarily to study the hormonal and 
metabolic effects of this regimen, they were able 
to demonstrate azoospermia and oligospermia 
with 300 ng of desogestrel in 10 of 10 patients at 
8 weeks. 

Given the historical difference in spermatogen- 
esis suppression between white and Asian men, 
Kinniburgh and colleagues?” compared daily oral 
desonogestrel at 150 or 300 ng with 400 mg testos- 
terone pellet implants every 12 weeks between 2 
cohorts in Edinburgh, Scotland (n 5 30) and 
Shanghai, China (n 5 36). There were slight differ- 
ences between the 2 in the rate at which severe oli- 
gospermia was achieved but overall, each cohort 
achieved azoospermia with 300 ng desonogestrel 
by 24 weeks with 90% achieving it by 16 weeks. 
Paradoxically, the white cohort achieved azoo- 
spermia faster and at the lower dose of desono- 
gestrel. The regimen was well tolerated with 
single individuals experiencing labile mood, wors- 
ening acne, hypertension, pellet discomfort, and 
weight gain, and 2 men experienced pellet 
expulsion. 

Kinniburgh and colleagues?’ also demonstrated 
no added benefit of the 5a-reductase inhibitor 
finasteride to spermatogenesis inhibition with a re- 
gimen of 150 ng desonogestrel (a known submax- 
imal dose) with 400 mg implantable testosterone. 
The rationale behind that study was that some of 
the nonresponders may have increased intrates- 
ticular testosterone levels being converted to 
the more powerful androgen dihydrotestosterone 
(DHT) by 5a-reductase and supporting spermato- 
genesis. However, finasteride and other 5a-reduc- 
tase inhibitors have no action on testosterone 


directly and thus any intratesticular testosterone 
present may still support spermatogenesis. In 
addition, intratesticular testosterone levels may in- 
crease as a result of finasteride, counteracting any 
reduction in DHT. In yet another follow-up study, 
efficacy of implantable testosterone was also 
demonstrated with etonogestrel implants.°? Single 
etonogestrel implants may be effective for up to 
3 years in women, however, 3 pellets at a time 
were required to achieve sufficient azoospermia. 
One of 9 men did not sustain azoospermia after 
40 weeks, raising the question of relative durability 
of the etonogestrel implants, which need to be 
removed surgically. 


Transdermal 


With the intention of facilitating patient autonomy 
and allowing — self-administration (or user- 
independent administration), several groups have 
studied transdermal formulations of testosterone 
for contraceptive purposes. Historically, these 
studies have not been promising, even with the 
addition of a progestin because of low serum levels 
insufficient for LH and FSH suppression.” 54 
Guerin and Rollet?” achieved azoospermia with 
testosterone gel and oral norethisterone acetate 
in 12 of 12 volunteers but this was not a durable 
response and by 3 months the average count 
was more than 3 million sperm/mL. 

Several recent proof-of-concept studies of test- 
osterone gels combined with either progesterone 
monthly depot injections or gels have been able 
to achieve severe oligospermia of less than 1 million 
sperm/mL in approximately 90% in moderate- 
sized cohorts.°°:°° Ilani and colleagues°° achieved 
this with a nonandrogenic progestin nestoron gel 
with testosterone gel in 99 patients at around 
22 weeks and azoospermia in 78% of patients. 
This regimen was fairly well tolerated with no 
severe adverse events and only side effects of 
mild-to-moderate acne in 21% and headaches in 
17%, with the remaining side effects occurring 
infrequently. 

Page and colleagues”? achieved this using 
testosterone gel with DMPA every 3 months in 38 
men. Although they did not report any azoospermia, 
they found the addition of the injectable GnRH 
antagonist acyline to progesterone and testos- 
terone had no improvement. This regimen was 
also fairly well tolerated but had a high incidence 
of mild acne (26 of 38 men)as had been seen in pre- 
vious studies. The primary consideration of testos- 
terone gel is the avoidance of contact with the 
applied area to female partners and other persons 
shortly after application because of concern for 
androgenization. 


Addition of GnRH Antagonists 


Gonadotropin-releasing hormone (GnRH) anta- 
gonists compete with endogenous GnRH but do 
not activate pituitary receptors and thereby inhibit 
production and release of FSH and LH. In addition, 
GnRH agonists have similar effects when given 
in a nonpulsatile continuous fashion but have 
proved to be ineffective in demonstrating durable 
suppression of spermatogenesis and blunt the 
suppressive effects of androgens.°’ °° 

Similar to progestins, GnRH antagonists have 
synergy when combined with testosterone in 
inhibiting spermatogenesis. Several antagonists 
have been studied in combination with andro- 
gens such as Nal-Glu, acyline, cetrorelix, and 
abarelix. 

Bagatell and colleagues® found no increased 
efficacy of daily subcutaneous injections of Nal- 
Glu to weekly 200 mg intramuscular injections of 
TE in a study of 22 men. This is not a surprising 
finding considering that the same dose of TE alone 
had already been found to be relatively efficacious 
in previous studies.2*° In a follow-up study of 15 
men, the same group found that Nal-Glu combined 
with TE was an effective induction agent for 
contraception with weekly low (100 mg) intramus- 
cular TE injections as maintenance for 20 weeks 
with a failure rate of 6.7% .°' 

Another small study of 6 men induced with 
cetrorelix and maintained on intramuscular injec- 
tions of the selective androgen 19-nortestosterone 
hexyloxyphenylpropionate (19-NT-HPP) every 
3 weeks did not show durable spermatogenesis 
suppression.°* This was believed to be partly 
due to the nonaromatizable property of 19-NT, 
which eliminated the suppressive effects that 
estradiol has on LH and FSH release seen with 
testosterone-based regimens. 

Although further developments of GnRH/ 
androgen combinations are expected, the dis- 
advantages of GnRH antagonists include their 
relatively frequent local skin reactions, and cost. 
These may improve with future developments 
and do not constitute a reason for abandoning 
further efforts. 


7a-Methyl-19-Nortestosterone 


7a-Methyl-19-nortestosterone (MENT) is a potent 
synthetic androgen resistant to 5a-reductase but 
sensitive to aromatase. MENT is classified as a 
selective androgen receptor modulator (SARM), a 
class of drugs currently under early development. 
SARMs are of particular interest, not only because 
of a potentially favorable side effect profile but also 
because a particular subclass of SARMs called 
nonsteroidal SARMs exist in oral formulations 
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that may make male hormonal contraception 
more appealing to a broader group of men.°° 
MENT’s properties make it an appealing agent 
for its minimal effects on prostatic hypertrophy as 
well increased potency for spermatogenesis 
inhibition. MENT has already demonstrated effi- 
cacy in small studies as a solitary agent in an 
implantable form for up to 1 year.°* However, 
further development is needed as a recent study 
demonstrated inferiority when combined with 
implantable etonogestrel compared with an im- 
plantable testosterone and etonogestrel combina- 
tion with regard to rate of azoospermia and 
durability of severe oligospermia.°° This was be- 
lieved to be caused by inadequate release of 
MENT from the currently manufactured implants 
and follow-up studies are expected in the near 
future on improved implants.°° 


Overview of Hormonal Contraceptives 


A meta-analysis of 1549 men who underwent 
1283.5 man-years of treatment and 705-man- 
years of recovery showed a median time to re- 
covery of 20 million sperm/mL of 3.4 months and 
100% recovered within 24 months.2° As can be 
expected, longer-acting preparations, such as 
TU orimplants, were associated with longer recov- 
ery and the opposite for shorter-acting agents 
such as transdermal, TE, or oral formulations. A 
follow-up meta-analysis confirmed that addition 
of progesterone increases the rate and extent of 
spermatogenesis suppression, recommending 
its addition to any hormonal regimen.°” 

Although most men do not experience loss of 
testicular volume, a reversible loss of 4 to 5 mL 
is not uncommon.® Alterations in mood such as 
irritability, depression, lability, or libido changes 
have been reported in less than 1% °° to 73% of 
men.°° Clearly, the preliminary news of the TU/ 
NET-EN study being prematurely terminated at 
least partially due to a greater than expected 
incidence of effects on mood and libido is con- 
cerning. However, until final reports are published, 
it is difficult to draw any conclusions, especially 
when previous reports have been generally 
favorable. 

Effects on lipids have been variable with gener- 
ally decreased lipids either isolated to HDL or total 
lipids or increased total lipids or low-density lipo- 
protein, alternating between being proatheroscler- 
otic or antiatherosclerotic.°® This is also balanced 
by an increased percentage of lean body mass 
with lower body fat. Overall, the effects of testos- 
terone on cardiovascular health are not known, 
with conflicting literature suggesting that the ef- 
fects are likely negligible. ”° 
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Relatively common complaints pertaining to 
acne or night sweats may be bothersome to some 
individuals and should not be a deterrent to use. 
In a large-scale study of 1045 men, 7% reported 
acne but none withdrew because of it.°° Other 
dermatologic complaints such as skin irritation or 
injection site tenderness may be more concerning 
and are limited to the route of administration. 

Exogenous testosterone does not increase the 
risk of prostate hyperplasia and carcinoma, parti- 
cularly when attempting to achieve a eugonadal 
state.’° However, in a patient with known prostate 
hypertrophy or carcinoma, it would be reasonable 
to avoid these agents until further data are 
gathered. 

Studies attempting to predict responders from 
nonresponders by measuring changes in FSH 
and LH have not been able to differentiate the 
two. This point has also been rendered moot 
with the high efficacy rates under regimens using 
supplemental progestin analogues. 


NONHORM ONAL CONTRACEPTION 


Nonhormonal male contraception has been in 
development for as long as hormonal contracep- 
tion but with less clinical success. Conceptually, 
it is appealing for the theoretic lack of systemic 
side effects seen with hormonal contraception. 
Unfortunately, less development has taken place 
than with hormonal contraception and most 
agents have been plagued by side effects, rever- 
sibility, and efficacy issues, leading to few phase 
2 or 3 studies. 


Pharmacologic 


Gossypol 

Gossypol is a phenolic compound derived from the 
cotton plant. It may be second to hormonal con- 
traception in the volume of published literature 
including phase 3 trials of more than 8000 sub- 
jects.’'-’2 It has been studied for its male-specific 
antifertility effects since the 1970s’° and is believed 
to work by inhibiting spermatogenesis and sperm 
motility. Although highly efficacious in 90%,” it 
has exhibited a narrow therapeutic range with a 
frequent association with hypokalemia, a 1% inci- 
dence of periodic paralysis, and a 5% to 50% inci- 
dence of irreversible sterility. Despite numerous 
attempts at chemical modification and purification 
of gossypol, it has been all but disqualified from 
further clinical development for contraceptive 
purposes. 4 


Triptolide 
Triptolide is derived from the Chinese herb Tryp- 
terigium wilfordii and belongs to the class of 


chemicals called diterpene epoxides. Having 
been used for medicinal and insecticide purposes 
for centuries, it gained attention for its infertility 
effects in the 1980s.’° As an orally administered 
agent, triptolide impairs sperm motility and has 
been shown to decrease epididymal sperm counts 
at the posttesticular level.”®77 It was incidentally 
found in studies of patients with rheumatoid 
arthritis where it was studied for its immunosup- 
pressive effects. ’° Unfortunately, prolonged expo- 
sure was associated with irreversible inhibition 
of spermatogenesis and further studies as a 
contraceptive have been all but abandoned.°*:’” 


Indenopyridines 

Indenopyridines have been shown to inhibit sper- 
matogenesis in several animal studies since the 
1970s.’° They are believed to affect Sertoli cells 
and recent primate studies of I-CDB-4022 es- 
pecially have been promising.°° Concerns about 
indenopyridines have centered on Sertoli cell tox- 
icity and irreversibility, which was seen in rat 
models. I-CDB-4022, as a newer formulation, may 
have a more favorable profile but further studies 
are needed to evaluate its safety and efficacy. 


Lonidamine derivates 
Lonidamine, initially studied for its anticancer 
properties, was found to be antispermatogenic in 
the 1970s.°' Side effects of muscular pain, testic- 
ular pain, vomiting, and liver damage halted further 
development; however, its less toxic derivatives 
adjudin and gamendazole were also investigated 
and developed for contraceptive purposes. 
Adjudin, formerly called AF-2364, was discov- 
ered in the early 2000s.°* It works primarily 
through disruption of the adhesion between sper- 
matids and Sertoli cells causing premature sper- 
miation. Because of the localized effect and 
absence of toxicity to Sertoli cells, this agent has 
drawn significant attention. By disrupting the 
sperm-Sertoli cell junction, the developing sperm 
are depleted but without toxicity or affecting FSH 
or LH levels, thereby maintaining future fertility. 
This site of action is also called the apical ecto- 
plasmic specialization (apical ES). Although initial 
studies were promising with no detectable toxicity 
and 100% efficacy, in extended studies, 3 of 10 
male rats treated with daily adjudin for 29 days 
developed minimal liver inflammation and skeletal 
muscle atrophy.°° No female rats displayed any 
adverse effects. This prompted a series of studies 
pairing adjudin with FSH to lower the effective 
dose as FSH receptors in men are only found in 
the Sertoli cells. This lowered the minimum dose 
necessary but proved to be too costly and active 


efforts are underway to continue to lower the 
effective dose required.°' 

Gamendazole was another product of the search 
for a less toxic lonidamine derivative. Although 
effective at well below toxic doses, gamendazole 
was irreversible in 43% of rats treated with the 
dose required to produce 100% infertility.°¢ 

CDB-4022 is an indenopyridine that also has 
shown effectiveness in nonhuman primate models 
in disrupting the Sertoli cell-germ cell junctions.®° 
Unlike gamendazole, reversibility was readily 
achieved at effective doses and it was well toler- 
ated overall with no observable adverse effects. 

The lonidamine derivatives are an exciting new 
class of drugs for male contraception because of 
their selective activity at the Sertoli cell-germ cell 
junction, near complete absence of systemic ef- 
fects, oral dosing with potential for extended 
dosing intervals, and reversibility. 


Testicular retinoic acid inhibition 

Vitamin A (retinol or retinoic acid) was first found to 
be essential to spermatogenesis when Wolbach 
and Howe® demonstrated the devastating effects 
its absence had on the testes in 1925 when they 
deprived rats of dietary vitamin A. Through studies 
of genetically manipulated mice and rats, the signif- 
icance of retinoic acid and its receptor in spermato- 
genesis was elucidated and several promising 
male contraceptive agents working in this pathway 
have been studied. 

WIN 18,446 is a potent bisdichloroacetyl 
diamine (BDAD) known to have selective and re- 
versible inhibition of spermatogenesis since the 
1960s.°°.8” In a study of 9 men, orally adminis- 
tered WIN 18,446 twice daily for 23 weeks, sperm 
counts were decreased to 0 to 4 million/mL within 
8 to 11 weeks.” To our knowledge, this is the only 
reported clinical study of WIN 18,446 in humans; it 
was subsequently abandoned because of reports 
of disulfiram effects. Heller and colleagues?” 
made no mention of a disulfiram reaction and 
the only reported complaint was related to gas 
and bloating. Regardless, interest in this agent 
has been renewed and modern studies have 
found that WIN 18,446 inhibits testicular retinoic 
acid synthesis from retinol through inhibition of 
the testis-specific acetaldehyde dehydrogenase 
ALDH1a2.°° Blockade of this pathway results in 
a hormone-independent suppression of sper- 
matogenesis while preserving normal testos- 
terone levels and a eugonadal state. It is thought 
that WIN 18,446 also inhibits ALDH2 causing the 
disulfiram effect and that a more refined agent 
with selectivity for testicular ALDH1a2 would not 
cause the reported undesirable effects of WIN 
18,446. In any event, repeat modern clinical 
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studies of WIN 18,446 are warranted given its 
favorable safety profile. 

Inhibition of testicular retinoic acid production 
results in decreased expression of the cytoplasmic 
factor Stra8 (stimulated by retinoic acid gene 8), 
which inhibits the entry of the spermatogonia into 
meiosis and thereby inhibits spermatogen- 
esis.°°:°° This effect can be reversed simply by ad- 
ministering retinoic acid.°' In addition, Stra8 may 
become a future pharmacologic target for male 
contraception. 

Besides inhibition of testicular retinoic acid pro- 
duction, advancements have been made in selec- 
tive inhibition of nuclear retinoic acid receptors 
(RAR). BMS (Bristol-Meyers-Squibb)}-189453 is 
an arotinoid oral RAR antagonist. Unlike WIN 
18,446, which works by depleting testicular reti- 
noic acid and takes up to 16 weeks to produce 
azoospermia, BMS-189453 has a faster onset of 
1 month with durable effects for 4 months after 
dosing.°*:° Although low doses are effective at in- 
hibiting spermatogenesis, high doses in rats are 
associated with toxicity and death with effects 
mimicking vitamin A toxicity or excessive retinoid 
agonists.°* A repeat efficacy study in rats demon- 
strated 100% efficacy with no discernible side 
effects at low doses with almost total reversibility 
based on histologic appearance.°° 


Calcium channel blockers 

Calcium has long been known to be important to 
sperm motility. However, before the discovery of 
CatSper (cation channels of sperm) in 2001, little 
was actually known about sperm calcium regu- 
lation.°* Before this discovery, the effects of 
nifedipine, verapamil, and other calcium channel 
blockers on sperm motility were debated and 
reported on primarily through anecdotal or ob- 
servational studies.°°°° Although numerous CatS- 
per knock-out mice studies exist,2”°° little work 
has been done on developing CatSper blockers 
or antagonists. Carlson and colleagues’? reported 
on a candidate CatSper blocker, HC-056456, 
with promising in vitro results. Li and colleagues '°° 
were able to decrease mouse pregnancy rates to 
12.5% by immunizing male mice with extracellular 
epitopes of CatSper. Although CatSper under- 
standing is in its infancy, its blockers offer a prom- 
ising mechanism for future contraceptive agents. 


Sperm Na*/H* exchanger 

Similar to CatSper, a novel class of sperm-specific 
Na?/H+ exchangers (SNHE) has been identified 
and found to be crucial to regulation of the intracel- 
lular pH of spermatozoa. 1°1:1°2? Mice with inacti- 
vated sNHEs produced morphologically normal 
sperm with impaired motility resulting in infertility. 
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Further work needs to done on SNHE blockers, but 
current data allows for optimism about the possi- 
bility of these agents. 


Inhibitors of glycosphingolipid synthesis 
Miglustat, or N-butyldeoxynojirimycin (NB-DNJ), is 
an alkylated imino sugar that inhibits ceramide- 
specific glucosyltransferase. It is approved for 
the treatment of type | Gaucher disease, which 
results in excess glycosphingolipids. Oral admin- 
istration of NB-DNJ in mice has demonstrated sig- 
nificant, reversible infertility in a dose-responsive 
pattern producing morphologically abnormal 
sperm with impaired motility'°° and ultimately oli- 
gospermia. '°* Unfortunately, in a small pilot study 
of 7 men over 6 weeks, miglustat had no discern- 
ible effect on sperm concentration, motility, or 
morphology despite attaining comparable serum 
levels.'°° Possibilities for the discordant findings 
are that there is a species-specific response, 
6 weeks was insufficient to detect a significant dif- 
ference in spermatogenesis, or the dose was 
insufficient. Although it may seem tempting to 
use an agent already approved by the US Food 
and Drug Administration, further work needs to 
be done to demonstrate efficacy in humans before 
miglustat is seen as a potential male 
contraceptive. 


Bromodomain BRDT inhibitor (JQ1) 

The latest class of agents to find usefulness as 
male contraceptives are the inhibitors of the 
testis-specific protein BRDT. BRDT functions to 
reorganize hyperacetylated histones through 
recognition modules called bromodomains. Male 
mice with selective mutation of BRDT were found 
to have isolated infertility.'°° In a study of healthy 
men with idiopathic oligospermia or azoospermia, 
single nucleotide polymorphisms associated with 
the BRDT gene were found to be a significantly 
associated factor.” BRDT is activated at the 
onset of meiosis of spermatocytes, '°° making it a 
desirable target of reversible infertility. 

JQ1 is an orally bioavailable triazolothieno- 
diazepine, related to benzodiazepines, and is the 
first BRDT inhibitor. In mice, its administration 
results in impaired spermatogenesis, reduced 
sperm motility, and decreased testicular volume, 
mimicking the features of BRDT mutated mice. '°° 
These effects are reversible and have no discern- 
ible hormonal or other systemic effects. 


Thermal 


Although spermatogenesis is negatively affected 
by temperature increases, heating the scrotum 0.8 
to 1.06 with thermal supports or underwear alone 
is not a reliable mechanism for contraception. ''° 


However, in a recent study, the addition of scrotal 
submersion in a 43"€ water bath for 30 minutes 
per day for 6 days was found to accelerate oligo- 
spermia when combined with TU injections every 
6 weeks but not to the extent of TU combined 
with oral levonorgestrel and never to contraceptive 
levels of less than 1 million sperm/mL.''' Perhaps 
future studies will find other contraceptive regi- 
mens, hormonal or otherwise, that are enhanced 
or activated by the addition of heat. 


Ultrasound 


Ultrasound application for male contraceptive 
purposes has many appealing conceptual fea- 
tures. First, ultrasound machines are relatively 
inexpensive and widely available. Second, ultra- 
sound works locally with no systemic effects 
and, third, it would be appealing to those who 
are averse to taking medications regularly. In the 
1970s, a series of experiments by Fahim demon- 
strated reversible inhibition of spermatogenesis 
with ultrasound.''*-''* However, subsequent ef- 
forts to reproduce or study ultrasound-mediated 
male contraception were not promising. 11118 Re- 
cently, Tsuruta and colleagues''’ revisited this 
concept attempting to reproduce Fahim’s results 
while characterizing and optimizing the ultrasound 
application. They demonstrated a depletion of rat 
epididymal sperm reserves within 2 weeks of treat- 
ment. VandeVoort''® studied 4 monkeys using 
slightly higher settings and demonstrated de- 
creased sperm count and motility and reversibility. 

The mechanism of action is uncertain and may 
be a combined effect of localized tissue heating 
combined with an additional ultrasound-mediated 
local phenomenon. Treatments are administered 
by placing the scrotum in a water bath within the 
beam filed of an ultrasound transducer. Tsuruta 
and colleagues''’ used a treatment time of 15 
minutes and interval of 2 days between treatments, 
whereas Vandevoort''® used a treatment time of 
30 minutes and a similar interval of every 2 days 
for 3 treatments. 


Vasal Occlusion/Interruption 


Intravas device 

Vasectomy alternatives with higher rates of re- 
versal have been sought out since the 1960s. ''° 
To this end, a class of implants named intravas de- 
vices (IVD) was developed. A group in China has 
developed a urethane device filled with nylon 
thread that blocks sperm but allows the passage 
of fluid and is inserted through a small scrotal inci- 
sion identical to that used for vasectomy. In a ran- 
domized control study of 288 patients comparing 
no-scalpel vasectomy to this device, both groups 


tolerated the procedure well. °? However, statisti- 
Cally insignificant inferiority was seen with the de- 
vice with a contraceptive success rate of 94.3% 
at 12 months compared with 98.6% for the vasec- 
tomy group. Reversal was not studied. 

Another group in China developed a nano-SiO>- 
copper polymer composite IVD and studied the ef- 
fect in 8 dogs over 12 months. 1?! After 3 months, 
no motile sperm were seen and no obvious dam- 
age was seen to the testes, epididymis, or vas, his- 
tologically suggesting that fertility was preserved 
and the potential for reversibility was high. In a 
follow-up study, the same group evaluated the 
same device in dogs and rabbits randomly as- 
signed to vasectomy, sham procedure, IVD, or 
reversal for 12 months. 1?? Reversal success was 
measured with birth rates in rabbits, which were 
60% for the device reversal but only 80% for the 
sham reversal, suggesting perhaps an inadequate 
recovery period, which was not stated. 


Reversible inhibition of sperm under guidance 
Reversible inhibition of sperm under guidance 
(RISUG) is the trademark name of an injectable 
contraceptive technique developed in the 
1970s.'*° RISUG involves injection of styrene 
maleic anhydride (SMA) dissolved in dimethyl sulf- 
oxide (DMSO)into the vas under direct visualization 
through a small incision. A nonsclerosing porous 
polymer then forms and disrupts the sperm cell 
membranes as they traverse the vas, producing 
damaged, nonviable sperm. Primarily developed 
in India, several phase 2 studies have demon- 
strated efficacy of RISUG. 1?4125 In these studies, 
men attained azoospermia within 1 to 4 months 
and over 6 months no pregnancies were reported. 

In achieving reversal of RISUG, clearly noninva- 
sive methods are preferable to a repeat surgery. In 
a study of 9 monkeys treated with RISUG for 
3 months, 100% reversibility was achieved using 
a progressive percutaneous method of squeezing 
the vas toward the inguinal canal, application of 
electrical stimulation, and digital rectal massage 
over the ampullary segment of the vas. '2° 

In a study of monkeys 1.5 years after RISUG in- 
jection, testicular biopsies demonstrated focal 
changes consistent with vasal occlusion with 
damage to the seminiferous epithelium; however, 
most of the testicle showed active and viable sper- 
matogenesis and this was believed to be due to 
oxidative stress and not from occlusive pres- 
sure. 1?” Sperm viability and reversibility were eval- 
uated in a later study that showed equivalent 
reversal to shorter trials. 17° 

In a rat study, Lohiya and colleagues?’ demon- 
strated 100% fertility 3 months after reversal of 
RISUG with DMSO directly injected into the vas 
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under visualization. In a follow-up study, the 
same group showed no evidence of DNA damage 
in a group of similarly treated rats. 13° 

RISUG is currently being evaluated in preclinical 
trials under the trademark name Vasalgel in the 
United States.1°1132 Although the proof of princi- 
ple has been established with intravasal injection 
of SMA polymer and the results have been prom- 
ising, significant evaluation still remains to be 
done with larger multicenter clinical trials. Con- 
cerns regarding intravasal SMA center primarily 
on the teratogenic effects they may have on sperm 
and reversibility. This method may ultimately be 
advertised primarily as a vasectomy alternative 
with higher rates of reversibility but not as high 
as an ideal reversible contraceptive. 


Immunologic 


The development of vaccines against sperm 
or their components has been studied since the 
1930s.'°° Female animal studies in the 1950s, 
1960s, and 1970s showed effective induced infer- 
tility when inoculated with varied sperm pre- 
parations. 134137 These crude formulations also 
caused early termination of pregnancy leading 
to concern about birth abnormalities. Similar to 
other nonhormonal contraceptive methods, immu- 
nologic induction of infertility offers the promise 
of localized action and absence of systemic ef- 
fects. Up to 60% of men develop antisperm anti- 
bodies after vasectomy without any clinical 
effects except a lower probability of success after 
vasectomy reversal. 198 

Primakoff and colleagues? demonstrated ef- 
fective and reversible infertility in both male and fe- 
male guinea pigs immunized with sperm plasma 
and inner acrosomal membrane protein PH-20. 
However, PH-20 immunization is associated with 
orchitis and little development has taken place 
since the initial proof-of-principle study. 14° 

Eppin (epididymal protease inhibitor) is a protein 
expressed in the testis and epididymis only. It 
forms a complex on ejaculated spermatozoa with 
the major seminal vesicle protein semenogelin 
and is believed to protect the sperm from microbes 
and proteolysis and to facilitate sperm motility. 141 
In addition, eppin facilitates the cleavage of seme- 
nogelin by prostate-specific antigen (PSA) result- 
ing in liquefaction of the coagulum and facilitating 
spermatozoal motility. 1f? In 1 primate study, injec- 
tions of eppin into male monkeys every 3 weeks 
produced infertility in 78% with measurably high 
antieppin antibody titers.'*° Seventy-one percent 
of those monkeys recovered fertility after cessation 
of immunizations. Recovery and nonresponsive- 
ness were associated with low titers, suggesting 
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a direct reversible immunologic contraceptive 
mechanism. It is thought that the antieppin 
antibody-eppin complex that forms on sperma- 
tozoa is equivalent to the eppin-semenogelin com- 
plex with regard to intracellular signaling; however, 
it is not cleaved by PSA like the native complex 
and, as a result, motility is impaired.'** Through 
mechanisms that remain unknown, this complex 
keeps the intracellular calcium levels low in sperm 
and prevents capacitation. '*° Clearly, substitution 
of unpredictable biological inhibition achieved with 
immunization of the eppin-semenogelin complex 
for a pharmacologic compound would be more 
favorable as it would provide more precise regula- 
tion with less variability. Efforts are already under- 
way to generate a recombinant semenogelin 
that would perform the same task as the 
antieppin antibodies without requiring immune 
activation. 140147 


SUMMARY 


Despite not a single new male contraceptive being 
brought to the market since the advent of vasec- 
tomy, a tremendous amount of research has 
been done in the field. Occasionally, these agents 
have brought devastatingly disappointing find- 
ings, side effects, incomplete efficacy, or irrevers- 
ibility, and nearly all require further development. 
But pharmaceutical financial investment in devel- 
oping agents has all but been abandoned since 
2006.148 Current efforts rely on nonprofit organiza- 
tions and charities such as the WHO, Population 
Council, and Parsemus Foundation despite evi- 
dence that a strong market exists for alternative 
male contraception. 49:19 However, even 
these endowments are dwindling. In a recent 
communication with Tsuruta, the Gates Foun- 
dation had recently withdrawn further support 
on ultrasound-based male contraception in an 
effort to focus efforts on female contraceptive 
measures. The attention and narrative of male 
contraception needs to change from witty head- 
lines about the possibility of a male pill to an 
acceptance of these as viable alternatives. 
Hormonal contraceptives in the form of a paren- 
terally administered androgen and progesterone 
with extended dosing intervals are at the forefront 
of upcoming options. Many more promising 
agents such as adjudin, CBD-4022, WIN 18,446, 
eppin antagonists, BMS-189453, JQ1, CatSper 
blockers, SNHE blockers, and RISUG offer prom- 
ising alternatives to the few options currently 
available to men. The prolonged period of relative 
male contraceptive unavailability may have beena 
blessing in disguise in that it has spurred the 
development of many promising alternatives. 


Had an alternative agent been brought to market 
long ago, it may have dominated like the female 
hormonal contraceptive and suppressed investi- 
gation of improved and refined alternative agents. 
With time, it is to be hoped that these agents will 
come to market, decreasing the contraceptive 
burden on women and help avoid unplanned 
pregnancies. 


FUTURE PERSPECTIVES 


We believe that in 20 years, men will share a 
greater portion of contraceptive responsibilities. 
The decades spent on research and development 
will potentially offer a greater variety of options 
ranging from surgical, mechanical, or pharma- 
cologic than those currently available. With the 
progressive miniaturization of electronics, it seems 
conceivable that a small electronic cuff could 
be surgically implanted around the vasa that con- 
stricts or releases via external wireless signaling. 
This could offer easy reversibility in the event it is 
either poorly tolerated or fertility is desired. Ulti- 
mately, more than most if not all aspects of medi- 
cine, contraceptive use is driven by the patient 
consumer. 
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KEY POINTS 


[ $perm morphology Evaluation of male 


[Semen analysis provides important information on fertility potential, specifically testicular function 
(ie, sperm production), proper functioning of genital tract accessory glands, and ejaculatory 


capability. 


[EA physical examination and thorough medical history evaluation, combined with the results of 
laboratory semen assessment, provide important information for the clinician to formulate a 


treatment regimen for the infertile man. 


[=Arguably, all that is required is to establish whether normal motile sperm are present in the 
ejaculate. It is common practice to use assisted reproduction, specifically intrauterine insemination 


even with a severely low sperm count. 


EST here have been no changes in the methodology for traditional semen analysis since the 1950s 
when andrology was first coined as a term for the study of male fertility. 
[Molecular evaluation of the causes of male infertility is likely the most promising advance in assess- 


ing male infertility. 


INTRODUCTION 


Infertility is generally defined as 1 year of unpro- 
tected intercourse without a conception, with 
approximately 15% to 20% of couples presenting 
to their physician with such a complaint. Of these, 
30% to 40% can be attributed to an identifiable 
male factor, 30% to 40% to female factors, and 
the remaining 20% to a combination of both male 
and female factors.’ Although many couples 
may present with an obvious and identifiable cause 
for the subfertility, many present with unexplained 
reasons for the delay in conception. Traditional 
semen analysis is the first test used to evaluate 
the male partner. This article discusses the basics 
of semen analysis, interpretation of the results, 
and thoughts on future advances in evaluation of 
male infertility. 
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INITIAL ASSESSM ENT 


Evaluation of the man begins with a thorough history 
and physical examination, and proceeds to labora- 
tory examination. 1? It is important to correlate past 
history with the results of semen analysis because a 
person’s medical history might affect the results of 
the semen analysis and hence, fertility potential. 
Important considerations include past exposures 
to chemicals, heavy metals, pesticides, extreme 
heat (Specifically the workplace environment as 
well as recreational activities, such as frequency 
of hot tubs and use of a heated waterbed). Recrea- 
tional drug use, as well as prescription medications, 
history of sexually transmitted infections, and other 
communicable diseases, genital infections, and 
genital injuries as well as past fertility history must 
be taken into consideration when evaluating the 
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male partner. The quality of the semen specimen, 
and hence the analysis, depend on controllable 
conditions, such as the method of semen collection, 
collection of the complete ejaculate, and absti- 
nence period, as well as conditions that cannot be 
changed, such as testicular sperm production, 
accessory gland secretions, and recent febrile 
illness. A thorough physical examination, particu- 
larly a genital examination supplements the past 
medical and fertility history and allows the physician 
to proceed with the laboratory examination. 1? 


LABORATORY EXAMINATION 


The male fertility examination involves at least 2 to 3 
semen analyses, preferably with an interval of 3 to 
4 weeks between each analysis. It is virtually 
impossible to characterize the quality of a semen 
specimen based on a single semen analysis.° Ex- 
amination of multiple semen specimens can at least 
control for the well-known intraindividual variations 
seen in semen composition. The standard semen 
analysis cannot predict fertility, but can provide 
important clinical information on fertility potential, 
specifically testicular function (ie, sperm produc- 
tion), proper functioning of genital tract accessory 
glands, and ejaculatory capability.°° 

The standard semen analysis assesses qualita- 
tive parameters such as semen color and consis- 
tency, as well as quantitative parameters including 
semen volume, sperm count and total concentra- 
tion, sperm motility and forward progression or 
quality of progression, and sperm morphology 
(Box 1). The presence of contaminating debris, 


Box 1 

Qualitative semen assessment versus 
quantitative semen assessment 
Qualitative Semen Assessment 

1. Semen appearance and color 

2. Semen liquefaction 

3. Semen viscosity 


Quantitative Semen Analysis 
1. Semen volume 


2. Wet mount dide for assessing sperm motility 
and quality of progression; estimation of 
sperm concentration, presence of debris, 
bacteria, and cell contamination 


. Determination of sperm count (millions/mL) 


4. Determination of percentage of motile 
sperm 


. Preparation of side for sperm morphology 
(smear, fix, and stain) 


bacteria, and leukocytes is also evaluated by light 
microscopic examination. 


INTERPRETATION OF SEMEN ANALYSIS 


Table 1 shows the current reference ranges for 
semen parameters. These values are taken from 
the most current issue of the World Health Organi- 
zation (WHO) manual published in 2010, which 
uses reference ranges and reference limits. These 
data? were obtained from fertile men whose part- 
ners had a time to pregnancy of 12 months or 
less. Raw data from 400 to 1900 semen samples 
from 8 countries were used to generate these 
ranges. Previous versions of the WHO manual 
listed reference values as normal and abnormal. 
WHO 2010° a range or spectrum of semen param- 
eters rather then absolute normal or abnormal 
values, and the major semen parameters have a 
lower threshold for the fertile population than in 
previous versions. Recently, Murray and col- 
leagues’ suggested that with this lower threshold 
value for the fertile population, fewer men may 
be referred for evaluation and treatment. Based 
on the results of the semen analysis, a man would 
be placed into 1 of the WHO sequential centiles 
(2.5th to 97.5th).”° The clinician, however, must 
consider the results of the physical examination 
and medical history assessment when diagnosing 
and treating the infertile man. The clinical history 
and infertility timeline remain the most important 
aspects that define infertility for each individual 
couple.’ Niederberger® further states that a man 
cannot be just placed into the context of the 
WHO reference ranges, and deemed infertile or 


Table 1 
Reference limits (5th centiles and 95% 
confidence limits) for semen parameters 


Reference Limit 


1.5 (1.4-1.7) 
39 (33-46) 


Parameter 


Semen volume (mL) 
Total sperm number 


(million/ejaculate) 


Sperm concentration 
(millions/mL) 


Total motility (%) 

Progressive motility (%) 

Vitality (live 
spermatozoa; %) 


Sperm morphology 
(normal forms; %) 


15 (12-16) 


40 (38-42) 
32 (31-34) 
58 (55-63) 


4 (3.0-4.0) 


Data from World Health Organization. WHO laboratory 
manual for the examination of human semen and 
sperm-cervical mucus interaction. 5th edition. Geneva 
(Switzerland): World Health Organization; 2010. 


fertile based on the reference ranges; all of the 
data are “subject to interpretation in the context 
of the (entire) clinical picture.” 

What does the semen analysis really tell the 
clinician? How many spermatozoa need to be pro- 
duced in the testicle to appear in the ejaculate, that 
is, what is the threshold for sperm to appear in 
the ejaculate: 10, 100, 1000 sperm in the testicle, 
for 1 or 10 or 100 to appear in the semen? With 
the advent of assisted reproductive technologies, 
particularly intracytoplasmic sperm injection 
(ICSI), the numbers of normal sperm only need to 
equal the number of oocytes retrieved and 
cultured in vitro. 

Semen analysis is arguably one of the most 
misunderstood tests, and unfortunately, except 
in cases of complete absence of sperm in the 
semen, the power of the semen analysis to predict 
male fertility is poor (www.theturekclinic.com). 
Further evaluation and treatment is more clearly 
defined for the group of men who are outside the 
WHO reference range in the infertile group.”® 
Although the usefulness of comprehensive semen 
analysis and sperm function testing may be in 
question, arguably all that is required is to estab- 
lish whether normal motile sperm are present in 
the ejaculate. 

Assuming that the evaluation of the woman is 
normal (patent Fallopian tubes, normal ovulatory 
cycles), the clinician can always try cycles of artifi- 
cial insemination, particularly intrauterine insemi- 
nation (IUI) if there are sufficient numbers of 
sperm in the semen, and if not successful, move 
on to the more expensive and more invasive 
in vitro fertilization (IVF) and ICSI. Furthermore, 
IUI is often chosen in place of advanced male 
testing or treatment. Admittedly, this is most likely 
because the treatment is often driven by the repro- 
ductive endocrinologist who may in fact defer 
referral to a urologist or andrologist, and elect to 
proceed with assisted reproduction. Unfortu- 
nately, with the control of the evaluation of the 
infertile couple in the hands of the reproductive 
endocrinologist, the hold of the andrology labora- 
tory may be tenuous. 

In a recent nonscientific survey? of 150 national 
and international respondents, 95% use basic 
semen analysis and no sperm function testing for 
evaluation of the male partner. More than 55% 
would recommend IUI as long as there are suffi- 
cient motile sperm, with 27% setting 5 million 
motile sperm as sufficient, 22% at 6 to 10 million, 
and 21% at 10 to 15 million. Twenty-six percent 
required at least 15 million motile sperm for IUI, 
whereas 9% perform IUI with greater than 1 million, 
and 8.3% perform IUI if the count was less than 5 
million. Thus, as long as there are motile sperm, 


Semen Assessment 


IUI is admittedly the first line of treatment in an 
attempt to achieve a pregnancy (Boxes 2 and 3). 


FUTURE CONSIDERATIONS: A LOOK TO YEAR 
2040 AND BEYOND 


Since the introduction of the term andrology by 
gynecologist Harald Siebke in 1951,'°-'? develop- 
ments in the diagnosis and treatment of the infer- 
tile man have remained stagnant.'* The basic 
semen analysis has been performed for more 
than 60 years and yet, the value of the traditional 
semen analysis as well as advanced analytical 
methods have been questioned in the diagnosis, 
treatment, and prognosis of the subfertile man. ' 
This is likely a result of incomplete understanding 
of the clinical information provided by a semen 
analysis, as well as inadequate methods for the 
analysis itself. 

Other than the introduction of computer-assisted 
semen analysis (CASA) in the late 1980s, '°''© there 
have been no changes in the laboratory methodol- 
ogy for semen assessment. Quality control and 
quality assurance have improved with mandated 
compliance with the Clinical Laboratory Improve- 
ment Amendment of 1988.17 The traditional semen 
analysis, qualitative and quantitative light micro- 
scopic methodology, remains the same as reported 
in the earlier WHO manuals of 1987 and 1992. 

Will the future bring changes or improvements in 
andrology for the diagnosis and treatment of the 
man? There most likely will be new and novel 
molecular diagnostic methods for previously 


Box 2 
Treatment options 


We only need to know sperm count and motility 

- why? 

1. Medical treatment of male infertility is 
unlikely 


. With a good history and potentially lifestyle 
changes, a relatively successful decision tree 
can be made if there are motile sperm 


. Couples will proceed through IUI first; it is 
easy, noninvasive, has adequate success 
rates, and insurance coverage is likely 


We need to know more: possibly use advanced 
sperm function testing 
1. The clinician needs to be able to give an- 


swers to the couple and optimize the treat- 
ment available for individual patients 


. The clinician should treat where there is 
possible treatment 
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Box 3 
Diagnostic and treatment sequence 


1. Treat with 6 cycles of IUI 
a. 2-3 natural cycles of IUI 
b. 3-6 IUI cycles with ovulation induction 
2. IVF/ICSI 
3. Donor sperm 
4. Donor oocytes 


undiagnosed causes of male infertility. Most likely 
these will border on additional chromosomal de- 
fects, including sperm DNA defects. 

Couples are faced with overwhelming financial 
and emotional costs of infertility.'° How far are 
they willing to take their quest to achieve a preg- 
nancy? Unless the costs are reduced, the testing 
easy to accomplish with causative answers and 
treatment options with high probability of success, 
couples will most likely elect to proceed with assis- 
ted reproduction. If IVF/ICSI is not successful, cou- 
ples will undoubtedly continue to choose donor 
gametes to achieve a pregnancy. Yet, inherent in 
the choice of means to conceive, will be recogni- 
tion of infertility as a disease and the necessity for 
changes in medical insurance coverage for avail- 
able testing and treatment options. 

The future of stem cell treatments of infertility 
are probably the most exciting advancement on 
the horizon. The discovery and use of both embry- 
onic and adult pluripotent stem cells have revolu- 
tionized regenerative medicine. '**' In the future, 
it is possible that transplant of stem cells into 
an adult may result in production of male and 
female gametes. Successful transplantation of 
spermatogonial stem cells into adults with result- 
ing spermatogenesis is not far off. More recent 
discoveries of the genetic basis of male infertility 
may result in future gene therapies to cure certain, 
or all, types of male infertility. As much as 80% of 
all male infertility has a genetic basis,'° and thus 
may lend itself to specific gene therapies in the 
embryo or even in the adult, such as insertion of 
deleted genes. Novel approaches to the diagnosis 
of male infertility will undoubtedly lead to new 
treatments in the future. Although traditional 
semen analysis will still be the cornerstone of 
andrology, a brave new world in male fertility 
treatment is on the horizon. 
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KEY POINTS 


[Btate-of-the-art techniques of sperm preparation for assisted reproductive technologies (ART) aim 
to select sperm with the best functional capacity to produce pregnancy and, subsequently, healthy 
offspring. 

[Each of the currently used sperm selection methods has specific advantages and disadvantages 
with respect to safety, feasibility, and sperm yield. 

[The potential for improved ART outcomes following the use of advanced sperm selection methods 
must be weighed against the increases in processing time, technical expertise, and cost associated 
with these technologies and the possible damage to sperm from prolonged exposure to nonphy- 
siologic conditions. 

[Future approaches may allow for the selection of sperm based on sperm DNA integrity or the 


degree of aneuploidy or apoptosis. 


INTRODUCTION 


Modern assisted reproductive technologies (ART) 
have dramatically advanced the treatment of 
both male and female factor infertility. Since the 
birth of Louise Brown in 1978, more than 5 million 
babies have been born with the help of these tech- 
nologies. Within the United States, the use of ART 
has doubled over the past decade; according to 
current estimates from the US Centers for Disease 
Control and Prevention, more than 1% of infants 
are conceived using ART." 

The successes of assisted reproduction would 
not be possible without concurrent advances in 
the laboratory identification, manipulation, and 
preparation of spermatozoa for use with intrauterine 
insemination (IUI), in vitro fertilization (IVF), and 
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intracytoplasmic sperm injection (ICSI). The diag- 
nostic semen analysis remains the cornerstone for 
the assessment of overall semen quality. However, 
individual semen parameters, such as motility and 
morphology, are unable to reliably identify the 
best-quality sperm for use with ART. Instead, sperm 
selection strategies have come to rely increasingly 
on the assessment of sperm function and sperm 
fertilization potential in order to optimize sperm 
quality and improve ART outcomes. 

Early sperm preparation methods were nonse- 
lective and comprised 1 or 2 simple washings, fol- 
lowed by resuspension of the male germ cells.” 
Mahadevan and Baker? then described a single 
wash followed by a swim-up procedure from the 
cell pellet, a simple and classic technique that 
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continues to be used today. However, as the 
indications for ART have evolved from primarily 
gynecologic conditions to increasingly include an- 
drological diagnoses, andrological research has 
attempted to better understand sperm physiology 
and develop more sophisticated techniques to 
identify motile and functionally competent sper- 
matozoa for use with ART. 

This article reviews the most common conven- 
tional and advanced sperm identification and 
preparation methods in use today and discusses 
their advantages and disadvantages regarding 
modern ART. The techniques to improve sperm 
functions in vitro are also discussed. 


MODERN ERA OF ART 


When Leeuwenhoek* and Hamm first discovered 
spermatozoa in 1677, they were thought to be par- 
asites of the male genital tract. Their role in fertiliza- 
tion and reproduction was not appreciated until the 
nineteenth century, following the discovery of the 
mammalian oocyte in 1827 and the observation of 
mammalian fertilization in 1875.° 

Despite an imperfect understanding of sperm 
function and biology, the first successful attempts 
at artificial insemination in humans were performed 
as early as the 1780s, using crude and untreated 
semen samples.° The development of IVF required 
an understanding of sperm capacitation and the 
ability to reproduce this physiologic change 
in vitro using appropriate sperm incubation condi- 
tions.”® Human IVF was introduced in 1969,7 with a 
successful birth reported less than a decade later.’ 
Normal sperm-oocyte interactions, however, were 
the limiting factor for the success rate of IVF. The 
development of direct ICSI in 1992'° overcame 
this limitation and greatly enhanced the treatment 
of infertile couples. 


PRINCIPLES OF SPERM SELECTION 


The female reproductive tract naturally separates 
the best-quality spermatozoa for oocyte fertiliza- 
tion via a stringent selection process. Of the 
millions of sperm deposited into the vagina at 
ejaculation, only about 10.0% enter the cervix, 
1.0% makes it to the uterus, and 0.1% into the fal- 
lopian tube. Eventually, of the 1000 to 10,000 
spermatozoa that reach the cumulus-oocyte com- 
plex, only one fertilizes the egg."' 

The advent of ART necessitated the develop- 
ment of in vitro techniques for the identification 
and preparation of spermatozoa for fertilization. 
Because ART bypasses the natural selection pro- 
cesses taking place at various levels of the female 
reproductive tract, sperm selection strategies can 


significantly impact the quality of spermatozoa 
used for ART and, in turn, influence reproductive 
outcomes. 

In the early era of ART, the primary focus of 
sperm separation techniques was to obtain motile 
spermatozoa. As experience with ART evolved, 
this focus shifted to the isolation of functional sper- 
matozoa, dictated by the observations that func- 
tional sperm parameters correlate with the results 
of fertilization in vitro.'* Conventional techniques 
to separate sperm from seminal plasma are based 
on motility, adhesion, and filtration characteristics, 
without regard to the functional competence or 
genetic quality of sperm. Use of the selected sperm 
may, therefore, result in impaired embryo develop- 
ment, pregnancy loss, or other health problems in 
the offspring, despite acceptable fertilization and 
pregnancy rates. In contrast, advanced sperm 
selection methods aim to identify the most func- 
tional spermatozoa for oocyte fertilization, with 
the ultimate goal of safeguarding the health of the 
progeny rather than just achieving pregnancy. 

Some investigators have suggested that the 
principles of sperm selection in vitro should, to the 
extent possible, mimic the natural selection pro- 
cesses that occur in the female reproductive tract. 1? 
Additionally, the ideal sperm selection technique 
should be quick, easy, nontoxic, and cost- 
effective to perform. It should permit the separation 
of sperm from bacteria, leukocytes, and toxic sub- 
stances like reactive oxygen species while main- 
taining the normal physiologic characteristics of 
the selected sperm and maximizing the yield of 
viable, motile sperm. Unfortunately, no presently 
available sperm selection technique displays all of 
these characteristics. 


CONVENTIONAL SPERM SELECTION 
METHODS 


Conventional techniques for the separation of 
spermatozoa from seminal plasma can be broadly 
categorized as techniques based on migration, 
density gradient centrifugation (DGC), and filtra- 
tion. Their goal is to obtain an optimal yield of 
normal motile spermatozoa for use with ART. 
Each of these techniques has distinct advantages 
and disadvantages, which should be considered in 
light of the quality of the semen samples being 
processed. 


Sperm Washing 


The simplest semen processing technique, sperm 
washing, removes seminal plasma and concen- 
trates the specimen into a small volume. This tech- 
nique is performed by mixing the semen with 
media, centrifuging the specimen, discarding the 
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supernatant, repeating these steps, and ending 
with resuspending the pellet in the final desired 
volume of media. Sperm washing removes the 
seminal plasma but does not separate the sperm 
from other cells within the semen. In addition, 
both motile and nonmotile sperm are retained. 
The overall sperm yield using this method is 
approximately 50%, which is higher than most 
more-sophisticated techniques. Because it is sim- 
ple and quick, it is one of the most common tech- 
niques used for IUI. However, this method does 
not separate sperm based on quality or functional 
capacity. 


Migration Techniques 


Migration methods rely on the presence of motile 
spermatozoa within the semen sample. The classic 
swim-up procedure described by Mahadevan and 
Baker? and the migration-sedimentation proce- 
dure described by Tea and colleagues'® are both 
examples of migration techniques. In the swim- 
up procedure, liquefied semen is centrifuged to 
generate a cell pellet. Following an incubation 
period of approximately 60 minutes, motile sperm 
migrate from this pellet into supernatant medium, 
from where they are collected. The swim-up proce- 
dure remains the oldest and most commonly 
used sperm preparation method currently in use. 
Although its application for male factor infertility is 
limited, its use for couples with normozoospermia 
and female factor infertility is standard. '* The pri- 
mary advantage of this method is the yield of a 
very high proportion (>90%) of morphologically 
normal motile sperm, without other cells or cellular 
debris. However, the absolute yield of sperm is low 
because many potentially motile spermatozoa in 
the lower levels of the pellet never reach the inter- 
face with the overlying culture medium. Addi- 
tionally, pelleting of spermatozoa forces contact 
between spermatozoa, cellular debris, and leuko- 
cytes, which are known to produce high levels of 
reactive oxygen species (ROS) that can be 
damaging to sperm. 

The migration-sedimentation procedure de- 
scribed by Tea and colleagues? combines the 
swim-up procedure with an additional sedimenta- 
tion step and requires a special glass or plastic 
tube with an inner cone. Spermatozoa swim up 
directly from liquefied semen into supernatant me- 
dium and subsequently sediment in the inner cone. 
The lack of a centrifugation step in this method 
reduces the exposure of sperm to ROS compared 
with the conventional swim-up procedure. Another 
advantage of migration-sedimentation over the 
swim-up procedure is that it selects for normally 
chromatic condensed spermatozoa, a parameter 


that is predictive of fertilization in vitro.'° Unfortu- 
nately, the yield of motile spermatozoa is low, 
limiting the utility of this method for IVF. ‘4 


DGC 


DGC relies on sperm motility as well as the prop- 
erty of sperm to collect at the border between 
liquid phases. Either a continuous or discontin- 
uous density gradient is created by layering media 
in the order of density, with the densest layer at the 
bottom and the least dense layer at the top. When 
asemen sample is placed on the upper-most layer 
and centrifuged, any debris, round cells, nonmotile 
and poor-quality sperm remain in the upper layers, 
while motile sperm migrate to and concentrate in 
the bottom layer. Like the classic swim-up proce- 
dure, DGC yields a clean fraction of highly motile 
spermatozoa. Additionally, it can be used for 
semen samples with very low sperm density be- 
cause it uses the entire volume of an ejaculated 
semen sample. '* However, DGC is more laborious 
than the swim-up procedure, owing in large part to 
the setup of a good-density gradient. 


Filtration 


Filtration methods rely on sperm motility and the 
propensity of sperm to adhere to filtration matrices. 
Glass wool filtration is the most commonly used 
filtration technique, in which motile spermatozoa 
are separated from immotile cells by movement 
through densely packed glass wool fibers. The 
type of glass wool used has been shown to impact 
the success of this method.'° Like DGC, glass wool 
filtration uses the entire volume of the ejaculate, 
thereby providing a good yield of motile spermato- 
zoa, even in the setting of oligospermia or astheno- 
zoospermia. '’ However, the filtrate is typically not 
as Clean as with other sperm preparation methods. 
Glass wool filtration effectively eliminates up to 90% 
of leukocytes, which, in turn, reduces ROS and 
ROS-induced damage to sperm. Glass wool filtra- 
tion significantly selects for normally chromatic 
condensed sperm, which may be important for opti- 
mizing the outcomes of assisted reproduction. 

Over the years, various other filtration methods, 
such as glass beads, cross-linked dextran col- 
umns, and micropore membranes, were introduced 
for the separation of motile sperm. However, 
sooner or later these fell out of favor because of 
either safety concerns or a low yield of motile 
sperm. '* 

A Cochrane Database systematic review of 
reproductive outcomes in subfertile couples un- 
dergoing IUI using either swim-up, gradient, or 
wash-and-centrifugation semen preparation tech- 
niques demonstrated no difference in pregnancy 
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and miscarriage rates, regardless of the technique 
used.'® Unfortunately, none of the randomized 
controlled trials included in this meta-analysis re- 
ported live births as a primary outcome. Neverthe- 
less, in the absence of any evidence to identify one 
sperm selection technique as being superior to 
another, the choice of the technique used should 
be dictated by the quality of the ejaculate and 
the desired postprocessing yield of spermatozoa. 

As previously mentioned, limitations of conven- 
tional sperm selection methods include the 
inability to assess sperm functional status and 
fertilization potential, both of which are important 
for IVF and ICSI. Several advanced sperm selec- 
tion methods have, therefore, been developed in 
an effort to better identify the best-quality func- 
tional sperm for assisted reproduction. 


ADVANCED SPERM SELECTION METHODS 


Advanced strategies for the selection of sperm for 
ART, especially IVF and ICSI, include methods 
based on sperm maturity, sperm ultramorphology, 
sperm surface electrical charge, and the separation 
of apoptotic from nonapoptotic sperm. Like the 
conventional techniques described earlier, these 
advanced techniques also have specific advan- 
tages and disadvantages with respect to safety, 
feasibility, and yield. It follows that the choice of 
methods used for the selection and preparation of 
sperm must be tailored to the type of ART being 
used and the quality of the sperm sample at hand. 


Sperm Maturity 


Hyaluronic acid (HA) is a major component of the 
extracellular matrix of the cumulus oophorus, 
which sperm must penetrate to bind to the zona 
pellucida and fertilize the oocyte.'? During the 
maturation phase of spermatogenesis, remodeling 
of the sperm plasma membrane exposes HA 
receptors on the surface of the sperm cell, 
rendering it capable to binding to HA and the 
zona_pellucida.2°*' HA-bound spermatozoa 
exhibit lower percentages of chromosomal aneu- 
ploidies and DNA damage and show significantly 
improved overall and nuclear morphology than 
sperm that do not bind to HA.?? In fact, sperm se- 
lection by HA binding has been shown to increase 
the proportion of morphologically normal sperm by 
threefold.2° The presence of sperm surface HA- 
receptors has, thus, been used as a marker of 
sperm maturity and a tool to select functional sper- 
matozoa for ART. 

Two commercially available methods for HA 
binding are currently in use. The first, the PICSI 
dish (Origio MidAtlantic Devices, Inc, Mt Laurel, 
NJ, USA), is a Petri dish containing immobilized 


spots of HA. Washed or DGC-prepared sperm 
are placed in the dish and incubated for 15 mi- 
nutes, after which freely moving sperm are rinsed 
off, and HA-bound sperm are picked with an ICSI 
pipette.” The alternative involves a viscous, 
HA-containing medium. A droplet of the medium 
is mixed with a droplet of DGC-prepared sperm 
and incubated for 15 minutes, then the sperm 
bound to HA at the interface of the 2 droplets are 
selected with an ICSI pipette.7° 

HA-based sperm selection is highly specific with 
minimal safety concerns, given that HA is a natu- 
rally occurring component of cervical mucus, 
cumulus cells, and follicular fluid. To date, no 
adverse events have been reported following 
the use of HA-selected sperm in clinical ART set- 
tings.° An obvious disadvantage of this approach, 
however, is the time commitment involved, partic- 
ularly if the fertilization of more than one oocyte is 
planned. Few studies have explored the clinical 
impact of this selection method. With the excep- 
tion of one prospective study of couples undergo- 
ing ICSI that showed higher fertilization rates using 
HA-selected sperm,” fertilization and pregnancy 
rates following the use of HA-selected sperm 
versus DGC-prepared sperm for IVF and ICSI do 
not seem to be significantly different.2°.2® 


Sperm Ultramorphology 


Normal sperm morphology, evaluated after fixa- 
tion and staining at a magnification of T000, is 
considered a major determinant of successful 
fertilization both in vivo and in vitro.22 However, 
sperm is typically selected for ICSI under light 
microscopy at a magnification of E400 from un- 
stained and unfixed samples, which are conditions 
that are inadequate for the evaluation of subtle 
structural malformations, DNA damage, and chro- 
mosomal aberrations. As a result, sperm selected 
for ART, especially ICSI, based on light micro- 
scopy alone can be suboptimal in quality. 

The motile sperm organelle morphology exami- 
nation (MSOME)is a recently developed alternative 
that allows the real-time assessment of sperm 
ultrastructure at a magnification of [16300.°° A mi- 
crodroplet of motile sperm, prepared using conven- 
tional techniques, is examined under oil inversion, 
with an inverted light microscope fitted with Nomar- 
ski optics and digital enhancement.2° The MSOME 
assesses 6 sperm organelles (acrosome, postacro- 
somal lamina, neck, tail, mitochondria, and nu- 
cleus), which are classified as being either normal 
or abnormal. Of the 6 organelles, the nucleus seems 
to be most important in influencing ART outcome.°° 

An increasing number of ART centers now 
include MSOME in ICSI protocols; the combination 
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of MSOME and ICSI is termed intracytoplasmic 
morphologically selected sperm injection (IMSI). 
Because MSOME identifies structural details that 
are undetectable by light microscopy, such as 
nuclear vacuoles that indicate abnormal chromatin 
packaging, this method is much more stringent 
than the evaluation of sperm morphology accord- 
ing to strict criteria. Indeed, IMSI has been shown 
to increase fertilization, implantation, and preg- 
nancy rates, while lowering aneuploidy and miscar- 
riage rates, compared with standard ICSI.°?-** 
However, IMSI is expensive, requires special tech- 
nical training, involves additional sperm manipula- 
tion, and takes considerably longer to perform 
than ICSI. Extended exposure of sperm to nonphy- 
siologic conditions may pose additional risks to the 
male germ cell. 


Sperm Surface Hectric Charge 


During epididymal transit and maturation, human 
sperm acquire a net negative surface electric 
charge, because of the acquisition of sialylated 
and negatively charged CD52 membrane glycopo- 
lypeptides.'* The expression of CD52 is positively 
correlated with normal sperm morphology and 
capacitation,°° and serves as the basis of sperm 
separation by electrophoresis. 

A sperm sample is loaded into a microflow cell 
fitted with a polycarbonate membrane containing 
5-mm pores, large enough to permit the passage 
of spermatozoa, yet small enough to exclude larger 
cells like leukocytes and immature germ cells. The 
application of an electrical current promotes the 
active transit of mature sperm across the field into 
a collection chamber from where they can be 
retrieved. Electrophoretic sperm selection is fast 
and minimizes the generation of ROS because it 
excludes leukocytes and involves no centrifugation 
steps. Separated sperm capacitate and bind to the 
zona pellucida (ZP) normally.3®37 The efficiency of 
this technique has been proven with oligospermic 
samples, testicular sperm, and frozen spermato- 
zoa.~° Some investigators have expressed concern 
that the use of electrophoresis may negatively 
impact fertility,’ but definitive evidence for this is 
lacking. Unfortunately, the apparatus required for 
this technique is expensive, making it inaccessible 
to many andrology laboratories. 

A second technique based on the sperm elec- 
trokinetic potential (ie, the difference in electrical 
charges between the membrane of mature sperm 
and its surroundings, typically E6 to 40 mV) is 
called the zeta potential. Because of their negative 
charge, spermatozoa adhere to glass surfaces 
when a culture medium is not supplemented with 
serum or albumin.'*? The zeta method isolates 


mature sperm by allowing them to adhere to the in- 
ner surface of a positively charged test tube.*° 
Because it does not involve the application of elec- 
tricity, the zeta method is considerably cheaper 
and likely safer than electrophoresis, but sperm 
recovery is too low to accommodate oligospermic 
samples. Additionally, the zeta method has not 
been tested in a humid environment, which has 
the potential to neutralize electrical charges. 
X-chromosome—bearing spermatozoa exhibit a 
higher net negative charge than Y-bearing sper- 
matozoa, but early concerns that electrophoresis 
or the zeta method may skew the ratio of X- and 
Y-chromosome-bearing sperm are not supported 
by recent investigations. °° 


Separation of Apoptotic and Nonapoptotic 
Sperm 


In viable cells, annexin V, a 35-kDa protein, is 
bound to the negatively charged phosphatidylser- 
ine (PS) on the inner leaflet of the plasma mem- 
brane.'* Early in apoptosis, PS is externalized 
to the outer leaflet of the plasma membrane, a 
change that is positively correlated with nuclear 
DNA damage and has implications for fertilization 
and pregnancy failure following ART. Given this 
association, methods to identify and isolate sper- 
matozoa that do not show PS on their surface 
have been developed. 

In magnetic activated cell sorting (MACS), 
a sperm sample is incubated with annexin 
V-conjugated microbeads, which bind specifically 
to apoptotic sperm with externalized PS. The 
bead-sperm mixture then runs through a magnetic 
column, which retains the labeled cells and allows 
the unlabeled cells to flow freely. Because MACS 
is unable to separate leukocytes or other cells from 
viable sperm, this technique is usually used in com- 
bination with DGC, which adds to processing time 
and involves an additional centrifugation step. The 
cost of specialized equipment is also a consider- 
ation. Nevertheless, available data demonstrate 
that MACS is fast, highly specific, and safe. Arecent 
meta-analysis of patients undergoing IVF or ICSI 
showed that MACS-selected sperm were associ- 
ated with a significantly higher pregnancy rate than 
sperm selected with DGC and the swim-up proce- 
durealone.*° No significant difference in miscarriage 
rates was identified. 

Two other sperm selection techniques based on 
the same principle have been described in the 
literature, namely, annexin V-activated glass wool 
filtration and flow cytometric cell sorting of fluores- 
cently labeled annexin V-PS positive spermato- 
zoa. Both are currently in experimental stages, 
with limited clinical data. 


173 


174 


Mehta & Sgman 


DNA DAMAGE 


The cause of sperm DNA damage is multifactorial 
and includes a variety of intrinsic and extrinsic 
factors. Available data support the detrimental 
effect of sperm DNA damage on pregnancy rates 
following natural conception, IUI, and IVF*?~** but 
not ICSI.*° Sperm DNA damage is also associated 
with higher rates of miscarriage.*° The long-term 
ramifications of a successful pregnancy achieved 
using DNA-damaged sperm are unknown, although 
some investigators have postulated that baseline 
sperm DNA damage may lead to de novo mutations 
in the offspring and the subsequent development of 
childhood diseases.*’“® Thus, the assessment of 
sperm DNA damage in the setting of ART certainly 
warrants consideration. 

The most commonly used methods to determine 
sperm DNA damage include the sperm chromatin 
structure assay (SCSA), terminal deoxynucleotidyl 
transferase dUTP nick end labeling assay (TUNEL), 
and the Single Cell Gel Electrophoresis assay 
(COMET). These assays vary considerably in meth- 
odology and in their definition of sperm DNA 
damage. TUNEL and COMET are direct assays 
that measure single- or double-stranded breaks in 
DNA, whereas SCSA is an indirect assay that relies 
on the fact that fragmented DNA is more suscepti- 
ble to denaturation.*° 

There are several limitations associated with the 
measurement of sperm DNA damage. Firstly, 
although the results of most assays correlate 
with each other, there are no universally agreed 
on thresholds for many of these tests. Secondly, 
these assays expose the sperm to conditions 
and compounds that render the sperm cell being 
analyzed unavailable for subsequent use for fertil- 
ization. And thirdly, these assays reflect the DNA 
integrity of an entire population of sperm, instead 
of specifically providing information about the indi- 
vidual spermatozoa being used for IVF or ICSI. As 
a result, neither the American Society for Repro- 
ductive Medicine nor the American Urological 
Association recommend the routine use of sperm 
DNA integrity testing in the setting of ART. 


ANEUPLOIDY 


Chromosomal aneuploidy remains the leading 
cause of pregnancy loss and mental retardation 
in humans, occurring in at least 4% of all clinically 
recognized pregnancies.°° Although most aneu- 
ploidies are maternal in origin, an estimated 5% 
to 10% of autosomal and 50% to 100% of 
sex chromosomal aneuploidies are paternally 
derived.°° Sperm aneuploidy has been reported 
in both fertile and infertile men, but the frequency 


of aneuploidies is significantly higher in men with 
abnormal semen parameters.*" 

The presence of sperm aneuploidy is not a barrier 
to fertilization.°' Nevertheless, an unfavorable asso- 
ciation between sperm aneuploidy and pregnancy 
rates, live births, recurrent ICSI failure, and chromo- 
somal abnormalities in developing embryos has 
been reported in prospective studies.°7-°° Among 
men with severe male factor infertility who undergo 
treatment with ICSI, the risk of sex chromosomal 
aneuploidy in the offspring can be threefold that of 
naturally conceived children.” Therefore, sperm 
aneuploidy carries important implications for repro- 
ductive outcomes following the use of ART. 

Fluorescent in situ hybridization (FISH) has 
replaced the human sperm-hamster oocyte fusion 
assay as the most widely used test for the detec- 
tion of chromosomal aneuploidies. However, 
FISH is laborious and time consuming, analyzes 
a maximum of 5 chromosomes per cell, and can 
only be used to provide an assessment of the 
overall risk of aneuploidy within a population of 
sperm. Sperm screened by FISH cannot be subse- 
quently used for ART. Furthermore, the level of 
sperm aneuploidy that becomes clinically signifi- 
cant for an aneuploid conception after ICSI is 
unknown. These limitations have precluded the 
routine clinical application of FISH for sperm aneu- 
ploidy screening. 

Some investigators have suggested targeted 
screening of patients in whom high frequencies 
of sperm aneuploidy may be expected, including 
patients with nonobstructive azoospermia; oli- 
goasthenoterazoospermia; a history of ICSI failure; 
Klinefelter syndrome; and a history of structural 
chromosome aberrations, including translocations 
and inversions.°'°° Such patients would likely 
derive the greatest benefit from aneuploidy 
screening. 

Improved techniques for aneuploidy screening, 
such as automated FISH analysis and comparative 
genomic hybridization, may facilitate more wide- 
spread assessment of sperm aneuploidy in the 
future.°° At present, the costs associated with 
these techniques are prohibitively high. 


SPERM -OOCYTE INTERACTION 


Fertilization in vivo requires both normal sperm 
function and normal sperm-oocyte interaction; 
sperm must be able to bind to the ZP, undergo 
the acrosome reaction, penetrate the ZP, and 
fuse with the oolemma. More than 25% of patients 
with idiopathic infertility may have defective 
sperm-oocyte interaction, leading to low fertiliza- 
tion rates with standard IVF.°’ This statistic is 
especially impressive when considered in light of 
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the fact that many infertility clinics use the first IVF 
cycle as a test cycle for infertile couples at a high 
financial and emotional cost. 

Although fertilization requires a normal oocyte in 
addition to anormal spermatozoon, complete failure 
of fertilization generally reflects a sperm defect.°” 
Certainly, this requirement is considerably more 
important for the success of IUI and IVF than ICSI, 
which bypasses the ZP and oolemma altogether. 
Nevertheless, normal sperm-oocyte interaction 
can be predictive of the quality of the subsequent 
embryo following ICSI. Studies comparing the use 
of ZP-bound sperm for ICSI versus standard ICSI 
demonstrate significantly better embryo quality 
and significantly higher implantation and pregnancy 
rates, despite no difference in fertilization rates, indi- 
cating that ZP-bound sperm are of superior qual- 
ity.°F©° Although the initial data are compelling, 
more studies are required before a definitive recom- 
mendation can be made in favor of this method for 
routine sperm preparation. 


OPTIMIZING SPERM FUNCTION IN VITRO 


A complementary approach to sperm preparation 
for ART using the methods described earlier is 
the treatment of sperm in vitro in order to improve 
their functional capacity for successful fertilization. 
A variety of substances have been used to stimu- 
late sperm motility, promote capacitation, and 
reduce ROS,'* with varying success. Some of 
the most commonly used candidates are reviewed 
later. 


Pentoxifylline 


Pentoxifylline is a methylxanthine derivative with a 
structure similar to that of caffeine. It is a nonspe- 
cific phosphodiesterase inhibitor that is approved 
by the Food and Drug Administration for the treat- 
ment of vascular disease. In the andrology labora- 
tory, the use of pentoxifylline is associated with 
improved motility of both fresh and cryopreserved 
sperm,°''°? particularly in patients who are asthe- 
nozoospermic. The drug acts via the cyclic AMP 
pathway to induce downstream sperm tail protein 
phosphorylation and stimulate motility.°° 

In addition to promoting motility, pentoxifylline 
has been shown to improve sperm-ZP binding®* 
and augment the acrosome reaction.®® However, 
the results of pentoxifylline treatment in terms of 
ART outcomes are conflicting, with some investi- 
gators describing an improvement in fertilization 
rates in couples undergoing IVF°°°’ and others 
noting no improvement in these parameters in 
couples undergoing IUI or IVF.°°°° Therefore, 
indiscriminate use of pentoxifylline in the ART 
setting is not recommended. 


Some clinicians have administered pentoxifyl- 
line orally, rather than in vitro, in an effort to in- 
crease sperm motility.'* The oral administration 
of this phosphodiesterase inhibitor has been 
shown to decrease ROS generation in some se- 
ries.”° The clinical benefit of this observation, in 
terms of improvement in sperm fertilization ability, 
still needs to be confirmed. 


Hypoosmotic Sperm Swelling 


Live sperm are able to maintain an osmotic gradient 
across the cell membrane. When placed into a 
solution, water flows into the cell resulting in the 
appearance of swelling of the tail. In contrast, 
nonviable sperm are unable to maintain an osmotic 
gradient and do not demonstrate tail swelling in 
hypoosmotic media. This property underlies the hy- 
poosmotic sperm swelling test (HOST), which is 
used to determine if nonmotile sperm are viable. ”' 
The test has also been used to select nonmotile 
but viable sperm for ICSI.’? Although some centers 
use the assay for this purpose, there has been 
concern that exposure of sperm to hypoosmotic 
media may impair sperm function. A recent ran- 
domized study indicates that pentoxifylline is supe- 
rior to HOST for the selection of immotile testicular 
sperm for ICSI, resulting in higher fertilization and 
pregnancy rates. ’° 


Bicarbonate 


Bicarbonate is a major secretory component of the 
fallopian tube and an important mediator of sperm 
cell function, which supports capacitation, induc- 
tion of the acrosome reaction, and the increase in 
hyperactivated motility that is required for success- 
ful ZP penetration.'* These physiologic changes 
necessitate the influx of Ca?+ into the sperm cell, 
which bicarbonate brings about via the cyclic AMP 
pathway. In the laboratory, bicarbonate-enhanced 
sperm medium can promote the recovery of motile 
sperm. However, the use of bicarbonate in vitro 
can elevate pH levels and damage the mitotic spin- 
dle of the oocyte, leading to failure of fertilization. 14 


Platelet Activating Factor 


Platelet-activating factor (PAF) is a highly potent 
signaling phospholipid that plays multiple roles in 
circulation, inflammation, and platelet and neutro- 
phil activation, in addition to acting as a cellular 
mediator of reproduction. As a cellular mediator of 
reproduction, PAF seems to be involved in 
implantation and may reflect embryo health and 
vitality.” Several investigators have reported a 
beneficial effect of PAF on motility, capacitation, 
acrosome reaction, and oocyte penetration,’>’° 
which is susceptible to inhibition by PAF 
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antagonists. The action of PAF seems to be medi- 
ated via PAF receptors located on the midpiece 
and tail of spermatozoa and involves the formation 
of diacyglycdrol, inositl triphosphate, and an in- 
crease in intracellular Ca*+ concentrations. 14 How- 
ever, the data on pregnancy outcomes following the 
use of PAF treated sperm in couples undergoing IUI 
are conflicting at present.’””® 


ROS Scavengers 


As previously mentioned, sperm are exquisitely sen- 
sitive to oxidative stress because of their high con- 
tent of polyunsaturated fatty acids and the lack of 
any repair mechanism against oxidation. In vivo, 
sperm depend on scavenging systems present 
within the seminal plasma, including vitamin C and 
E, superoxide dismutase, uric acid, glutathione, 
and spermine.'* Infertile men show decreased 
levels of seminal scavengers. In vitro, sperm can 
be treated with a variety of antioxidants to tackle 
the problem of oxidative stress, such as vitamins 
and glutathione. However, to date, the results of 
such treatments have been equivocal either 
because oxidative damage has already occurred 
in the testis or epididymis and cannot be undone 
or because of other contributing factors, such as 
genital tract inflammation or infection. 14 


FUTURE TECHNIQUES 


Technologic advances combined with an ever- 
expanding knowledge of sperm function and phys- 
iology have led to the development of several new 
sperm selection techniques that are noninvasive, 
highly discriminative, and easy to perform under 
physiologic conditions. These techniques, including 
Raman microspectroscopy (RMS), confocal light 
absorption and scattering spectroscopic micro- 
scopy, and polarizing microscopy, are presently 
in experimental stages. However, preliminary re- 
ports supporting their role in the future of ART are 
promising. 


RMS 


RMS is a discrete laser-scattering technique 
capable of providing detailed information about 
the internal structure of molecules, including 
DNA, thereby identifying cells containing damaged 
DNA.”° With existing applications in microbiology 
and tumor biology, several researchers have now 
investigated the utility of RMS in assessing sperm 
quality. Air-dried sperm smears are subjected to 
ultraviolet radiation using a fixed-wavelength exci- 
tation laser. The effect of ultraviolet radiation of 
sperm DNA is quantified as spectral Raman 
signatures, creating a “chemical fingerprint.”°° 


Differences in Raman spectra can then be used 
to identify sperm containing damaged DNA. Based 
on the available evidence, RMS seems to provide a 
reproducible and reliable assessment of sperm 
DNA integrity.°' Optimization and validation of 
this technique for live sperm is needed. 

One recent report has documented the use of 
RMS to differentiate ZP-bound sperm from un- 
bound sperm, illustrating another potential appli- 
cation of this technique to identify normal 
functional sperm for use with ART.® 


Confocal Light Absorption and Scattering 
Spectroscopic Microscopy 


Confocal light absorption and scattering spectro- 
scopic microscopy (CLASS) combines confocal 
microscopy, a well-established high-resolution 
microscopic technique, and the principles of light- 
scattering spectroscopy to provide detailed and 
highly specific images of submicrometer intracel- 
lular structures.°° CLASS is capable of imaging 
and continuously monitoring individual viable cells, 
thus enabling the observation of cell and organelle 
functioning at scales of the order of 100 nm. 
Although CLASS has not been widely used for the 
evaluation of spermatozoa, Itzkan and colleagues™ 
have reported its use for discriminating between 
apoptotic and nonapoptotic human bronchia 
epithelial cells. Importantly, this technique requires 
no exogenous labels and is nondestructive, proper- 
ties that make it ideally suited for sperm selection 
while preserving sperm function. °* 


Polarizing Microscopy 


Polarizing microscopy has been used for the 
assessment of both oocytes and sperm in the 
assisted-reproduction setting. In this approach, 
the birefringence of light caused by the anisotropic 
properties of the compact textures of the sperm 
nucleus, acrosome, and flagella permits the evalua- 
tion of the organelle structure of the male germ 
cell.'? Additionally, polarizing microscopy can be 
used to study the acrosome reaction in spermato- 
zoa and to separate acrosome-reacted from non— 
acrosome-reacted sperm, thereby allowing for the 
appropriate selection of functional spermatozoa 
for IVF and ICSI. The utility of this technique has 
been tested in both oligoasthenoteratozoospermic 
and testicular sperm samples, with good success.°° 
Although one prospective randomized study of cou- 
ples undergoing ICSI demonstrated significantly 
higher implantation and ongoing pregnancy rates 
following the use of acrosome-reacted sperm 
selected with polarizing microscopy,°° the actual 
improvement in ICSI outcomes using acrosome- 
reacted sperm is under debate. 
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SUM MARY 


Some investigators have argued that sperm func- 
tion testing is irrelevant in the era of ICSI because 
couples can often be successfully treated with 
ICSI, without the need for diagnosing or treating 
the underlying sperm functional defect. Although 
such an approach is possible in practice, it is 
expensive and may negatively impact the health 
of the offspring. Because ICSI completely by- 
passes the barriers of natural selection, it is asso- 
ciated with a higher transmission of genetic 
defects compared with IVF alone. The indiscrimi- 
nate use of ICSI may, therefore, place offspring 
at higher risk of heritable diseases. Sperm func- 
tion testing has the potential to identify healthier 
sperm, thereby lowering risk to the progeny. In 
the setting of adequate sperm concentrations, 
sperm function testing may also allow for the iden- 
tification of sufficient sperm for use with IVF, 
instead of ICSI, which would lower treatment 
costs. 

Despite considerable improvements in conven- 
tional sperm preparation methods in recent years, 
data indicate that no more than 55% of sperm 
selected for ICSI have normal DNA.®’ The need 
for advanced sperm selection methods to identify 
the best-quality functional sperm for use with ART 
is, therefore, indisputable. 

Preliminary results of ART outcomes, including 
fertilization and pregnancy rates, using sperm 
selection techniques, such as MACS, HA binding, 
and IMSI, are encouraging. However, the increases 
in processing time, technical expertise, and cost 
associated with these technologies can be 
substantial and must be carefully considered. 
Additionally, many advanced sperm preparation 
methods have the potential to significantly prolong 
sperm exposure to nonphysiologic conditions, 
which itself can induce iatrogenic damage, 
including an increase in sperm DNA fragmentation, 
aberrant embryo development, and higher rates of 
miscarriage. This is especially true for methodolo- 
gies that require a combination of conventional 
techniques followed by advanced techniques. Suf- 
ficient long-term safety data for many of the tech- 
niques discussed earlier are lacking. Larger and 
longer-term follow-up studies are definitely needed 
to better define any resulting anomalies or other 
unwanted effects, such as skewed sex ratios, in 
the offspring. 
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KEY POINTS 


[Nutraceuticals have become exceedingly popular for the treatment of male infertility as a result of 


widespread availability. 


[Most nutraceuticals have antioxidant properties that may effect sperm production and function. 
[Whe data present in the available English literature are mixed on the effects of nutraceuticals on 
male fertility because of the lack of standard dosing or control for dietary intake from various 


Sources. 


[Support is lacking for supplementation exceeding that obtained through a well-balanced diet. 


INTRODUCTION 


Medically therapeutic nutraceuticals have become 
more popular as a result of public awareness and 
increasing interest by the scientific community 
and consumers. In addition, nutraceuticals have 
become an important part of replacing nutritional 
deficiencies caused by the consumption of over- 
processed junk foods that may make up a prevalent 
part of the Western diet. ' 

Different nutraceuticals, including herbs, fruits, 
vegetables, nutritional supplements, and vitamins, 
have been promoted to improve many aspects of 
male fertility.2 These include sperm function and 
semen analysis parameters, erectile function, and 
libido. 

Infertility affects 15% of couples and a male fac- 
tor is found to be solely responsible or in conjunc- 
tion with a female factor in 50% of cases.°+ These 
therapies are thus popular among infertile couples 
seeking alternatives to traditional assisted repro- 
ductive technologies (ART) because of their wide- 
spread availability, relatively harmless side effect 
profile, and comparatively low cost. 


Nothing to disclose. 


The purpose of this article is to review nutraceut- 
icals and their effects on male fertility. The discus- 
sion begins with a review of the effect of oxidative 
stress on sperm production and function because 
the common pathway for most nutraceuticals 
relies on the antioxidant properties of these thera- 
pies. Understanding the effect of oxidative stress 
on sperm is an important part of reviewing the 
effects of nutraceuticals on male infertility.° 


OXIDATIVE STRESS 


Oxidative stress in the testes or semen can be 
attributed to infection, inflammation, trauma, to- 
bacco exposure, industrial exposure, strenuous 
exercise, chemotherapy, and exogenous (ie, hot 
tub, sauna, lap top, and so forth) or endogenous 
(ie, cryptorchidism, varicocele, febrile illness, and 
so forth) heat exposure.° Leukocytes and underde- 
veloped spermatozoa are the primary producers 
of endogenous oxidants in the semen, with imma- 
ture and teratozoospermic forms producing more 
reactive oxygen species (ROS) compared with 
mature and morphologically normal spermatozoa.’ 
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Physiologic ROS are also produced in response to 
chemical and bacterial stimuli.® 

Some detrimental effects of ROS include free 
radical attack and lipid peroxidation on the unsat- 
urated fatty acids of the sperm plasma membrane 
resulting in decreased sperm membrane integrity, 
sperm DNA damage,’ decreased intrinsic ability to 
repair sperm DNA damage,'°® and decreased 
sperm motility.'' Despite the negative effects of 
excessive oxidative stress, physiologic ROS is 
essential for certain sperm functions including 
capacitation and signal transduction events. 1? 


ANTIOXIDANTS 


Antioxidants function as ROS scavengers to pro- 
tect against oxidative stress and damage. 1° Phys- 
iologic antioxidants are produced intrinsically for 
normal physiologic functions and in response to 
chemical and bacterial stimuli and are present in 
seminal plasma and spermatozoa. '* The body is 
able to buffer ROS by using physiologic free 
radical scavengers. '° Injury occurs when this fine 
balance is disrupted by an increased production 
or decreased clearance of ROS. 

Physiologic antioxidants are enzymatic and 
nonenzymatic. Enzymatic physiologic antioxidants 
include catalase, superoxide dismutase, and 
glutathione peroxidase. Nonenzymatic physio- 
logic antioxidants include carnitine, carotenoids, 
glutathione, hypotaurine, taurine, and vitamins 
C and E."° 

Antioxidants are obtained through dietary intake 
including herbs, fruits, vegetables, nuts, legumes, 
dairy, and meat products. They can also be ob- 
tained through oral supplements including vita- 
mins and minerals. Increased intake of dietary 
antioxidants from any source can potentially 
improve semen quality and intrinsic sperm proper- 
ties.'’ In contrast, lower dietary intake may result 
in poor semen quality as a result of lower total 
body concentration of antioxidants. '® 


DEFINITION OF NUTRACEUTICALS 


Nutraceuticals are foods or food ingredients “that 
provides medical or health benefits, including the 
prevention and/or treatment of a disease.” 1° The 
medicinal benefits of plants have been known 
through many millennia in many historical civiliza- 
tions. Hippocrates (460-377 BC) stated “let food 
be thy medicine and medicine be thy food” refer- 
ring to the use of plants and their byproducts for 
prevention and treatment of diseases.7° 
Nutraceutical is a combination of the words 
nutrition and pharmaceutical coined by Stephen 
DeFelice, MD in 1989.2" It is an inclusive term 


that describes products derived from food that 
can provide extra health benefits beyond the basic 
nutritional value found in foods.' Used in its purest 
form, nutraceuticals bridge the world between 
food and pharmaceuticals. The term nutraceutical 
is therefore used as an all-encompassing term 
including plant-based foods and byproducts, sup- 
plements, minerals, and vitamins. Our discussion 
of nutraceuticals focuses on the common foods 
that contain the antioxidants that have an effect 
on fertility and their side effects with excess con- 
sumption (Table 1). Commercially available 
extracts of these antioxidants are not discussed, 
although they can be taken to supplement dietary 
shortages if needed. 


REVIEW OF NUTRACEUTICALS 
Arginine 


Arginine is a precursor of nitric oxide and plays a 
role in augmenting the cellular inflammatory 
response by providing protection against oxidative 
damage.” Arginine is essential for sperm motility, 
metabolism, capacitation, acrosome reaction, and 
is a precursor for producing petruscine, spermine, 
and spermidine.*°:2* 

Reports on the effect of arginine on semen pa- 
rameters have been varied in the literature. Studies 
have reported daily arginine supplementation 
improves sperm concentration and motility.2°-°° 
Conversely, other studies have failed to demon- 
strate any improvement in sperm counts or preg- 
nancy rates.°°*' Other studies have demonstrated 
that excessive arginine concentrations can result 
in impaired sperm function.** 

Arginine occurs naturally in many plant-based 
dietary sources including barley, brown rice, buck- 
wheat, cereal, chocolate, coconut, dairy, nuts, and 
seeds. It can also be found in various meat prod- 
ucts. The recommended daily allowance (RDA) is 
20 g, with an upper limit of 30 g.°* Potential side 
effects of excess consumption include increased 
bleeding risk, electrolyte abnormalities, gastroin- 
testinal (GI) distress, increased glucose levels, 
hypotension, renal insufficiency, worsening symp- 
toms of sickle cell disease, and asthma.7* 


Carnitines 


Carnitines are synthesized from the amino 
acids lysine and methionine. They are responsible 
for regulating intracellular metabolism through 
b-oxidation and buffer the acetyl-coenzyme A 
(CoA) to CoA ratio by transporting long-chain fatty 
acids into the mitochondria. Carnitines provide 
energy for spermatozoa and affect sperm motility 
and maturation.°° They also function as antioxi- 
dants providing protection against ROS.** 


Table 1 


Dietary nutraceutical sources and side effects 


Nutraceutical 


Arginine 


Carnitine 


Coenzyme Q10 


Folic acid 


Glutathione 
Lycopene 


Omega fatty 
acids 


Phytoestrogens 


Selenium 


Vitamin A 


Vitamin C 


Vitamin E 


Dietary Sources 


Barley, brown rice, buckwheat, cereals, 
chocolate, coconut, dairy, nuts, seeds, 
meats 


Fish, poultry, red meat, dairy products 


Cabbage, carrots, whole grains, nuts, 
onions, rice bran, potatoes, soybeans, 
spinach, oily fish (mackerel, sardines), 
organ meats (heart, kidney, liver) 

Avocado, beans, brewer’s yeast, cereals, 
citrus, eggs, dark green leafy 
vegetables, meats 


Fruits, vegetables, meats 
Tomato 


Fish, plant and nut oils, enriched 
processed foods 


Edamame, soy beans, soy-derived 
products (tofu, miso, soy sauce, soy 
protein, tempeh) 


Cereal, eggs, nuts, meat, seafood 


Carrots, cruciferous vegetables, 
pumpkin, sweet potatoes, dairy, eggs, 
oily saltwater fish, meat 


Fruits (citrus, kiwi, papaya, strawberry, 
and so forth) and vegetables (bell 
pepper, broccoli, cauliflower, kale, 
and so forth) 


Fruits, vegetables, cereals, grains, 
vegetable oils, wheat germ, eggs, 
dairy, meat, poultry 

Seeds (pumpkin, sesame, sunflower, 


and so forth), wheat, meat 
(secondary intake) 


Abbreviation: Gl, gastrointestinal. 


Nutraceuticals and Male Fertility 


Potential Side Effects 


Asthma, bleeding risk, electrolyte 
abnormalities, gastrointestinal 
distress, increased glucose levels, 
hypotension, renal insufficiency, 
worsening symptoms of sickle cell 
disease 


Gl distress, malodorous body secretions, 
seizures 


Gl distress, headache, loss of appetite, 
and skin rash 


Gl distress, rash, irritability, seep 
disturbance, confusion, seizures, 
increased risk of myocardial 
infarction in those with cardiac 
history 


Gl distress, changesin skin color 


Foul breath, GI distress, pruritus, 
change in taste, increased bleeding 
risk 

GI distress, rash 


Gl distress, fatigue, irritability, nail 
changes, facial flushing, hair loss, 
garlic odor on breath, metallic taste, 
muscle tenderness, tremors, 
hematologic changes, hepatic and 
renal insufficiency 


Central nervous system effects (fatigue, 
irritability, mental status changes), 
visual changes, papilledema, vertigo, 
anorexia, gastrointestinal distress, 
fever, sweating, skin dryness, peeling 
skin of hands and feet, muscle aches, 
joint aches, liver toxicity, hypoplastic 
anemia 

Dyspepsia, headache, increased risk of 


nephrolithiasis as a result of 
conversion to oxalate 


Fatigue, GI distress, headache, muscle 
weakness, rash, vision changes, 
bruising, bleeding complications 

Gl distress, gastric ulcers, loss of 
appetite, dehydration, headaches, 
and rash 
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L-Carnitine (LC) and L-acetylcarnitine (LAC) are 
the 2 main important forms. Both can be found 
concentrated in the epididymis, seminal plasma, 
and spermatozoa.*° Carnitine supplementation 
has been demonstrated to improve sperm con- 
centration, motility, morphology, viability, and total 
oxidative capacity.“ Although pregnancy rates 
were higher in treatment groups, they were not 
statistically significant. Combination with nonste- 
roidal antiinflammatory drug therapy has also 
been found to improve semen parameters as 
well.*+44 Despite multiple studies espousing the 
benefits of carnitine supplementation, it has also 
been demonstrated to have inferior improvements 
on semen parameters compared with placebo.*° 

Carnitines are considered conditionally essential 
nutrients.*° Dietary sources of carnitine are primar- 
ily found in meats, including red meat, poultry, fish, 
and dairy products.*° Unfortunately for vegetarians 
and vegans, fruits and vegetables carry minimal 
amounts. The RDA is not well established, however 
4000 mg daily should not be exceeded. 6*8 Excess 
intake greater than 4 g per day can result in Gl 
distress, malodorous body secretions, and 
seizures.*° 


Coenzyme Q10 


Coenzyme Q10 (CoQ10) transports electrons in 
the mitochondrial respiratory chaint? and bioener- 
getics promoting energy within the sperm mid- 
piece.°° It also acts as a lipid-soluble antioxidant 
for the lipoprotein-rich cell membrane and stabi- 
lizes and protects it from oxidative stress.°'°? 
CoQ10 can be measured directly in the semen 
and is correlated with sperm count and motility.°° 
Several placebo-controlled studies have demon- 
strated 4.5% to 6% improvement in sperm motility 
with CoQ10 supplementation.°°:*4 

CoQ10 can be found naturally in whole grains, 
rice bran, soybeans, nuts, cabbage, carrots, on- 
ions, potatoes, spinach, oily fish (mackerel and 
sardines), and organ meats. 8:55 The body is natu- 
rally able to synthesize CoQ10, therefore no RDA 
has been established. Based on previous studies, 
the optimal intake is 200 to 300 mg/d, although 
acceptable daily intake can be titrated up to 
12 mg/kg/d as needed.*® Adequate daily intake 
of CoQ10-containing foods can remove the need 
for additional supplementation. Excess intake 
can cause GI distress, headache, loss of appetite, 
and skin rash.*® 


Folic Acid (Folate) 


Folic acid is intrinsically involved in purine and py- 
rimidine production thereby playing an important 
role in DNA synthesis and proper cell function.® It 


is also a potent free radical scavenger by providing 
methyl donors methionine and S-adenosylmethio- 
nine.” Folate is a water-soluble B vitamin also 
known as vitamin Bo. 

Adequate folic acid intake is associated with 
a decreased frequency of sperm DNA abnormal- 
ities; men consuming greater than 700 ng of 
folate daily have up to 30% lower frequency of 
disomy X and 21, sex nullisomy, and aggregate 
aneuploidy compared with men with lower 
intake. '’ The effect of folic acid on male fertility 
is controversial. A double-blind, randomized, 
placebo-controlled study demonstrated a 74% 
increase in sperm count with folic acid and 
zinc supplementation, however there was a 4% 
increase in abnormal sperm morphology.°’ 
Conversely, other studies have failed to demon- 
strate any positive improvement on DNA content, 
sperm concentration, morphology, or motility 
with folic acid supplementation.®:°° 

Folic acid can be found in avocados, beans, 
brewer’s yeast, enriched cereals, citrus fruits, 
eggs, dark green leafy vegetables, and meat prod- 
ucts.*® The RDA is 400 ng.°° There is no convincing 
evidence that folic acid intake more than the RDA 
improves fertility even though it has a critical role 
in spermatogenesis and sperm DNA production. 

Excess intake can result in GI distress and rash. 
Significant excess can result in neurologic mani- 
festation including irritability, sleep disturbance, 
confusion, and seizures.°° However, even low 
doses of folate have been associated with 
increased risk of myocardial infarction in patients 
with a cardiac history.°'-°? 


Glutathione 


Glutathione is one of the most abundant endoge- 
nous antioxidants found in the body and plays an 
important role in maintaining exogenous antioxi- 
dants (ie, vitamins C and E) in their active reduced 
roles.°° It is produced in the liver and synthesized 
from cysteine, glutamic acid, and glycine. Gluta- 
thione also functions as a detoxification agent of 
carcinogens and harmful foreign compounds. 
Glutathione supplementation in infertile men has 
been demonstrated to improve sperm motility.°°° 
Men with varicoceles were noted to have a 10% 
increase in total sperm motility over baseline with 
treatment (P<.01).°” Supplementation in combina- 
tion with vitamins C and E has also been associ- 
ated with improved sperm count and decreased 
DNA fragmentation, although it is unclear whether 
improvements can be attributed to glutathione 
alone or the synergistic effect with concomitant 
multiantioxidant supplementation. 


Glutathione can be readily found in fresh fruits, 
vegetables, and meat products.°° There is no 
RDA due to endogenous production within the 
liver and supplementation up to 3 g has been 
demonstrated to be safe.’° Glutathione supple- 
mentation beyond food has been limited by its 
poor GI absorption and the need for intramuscular 
administration to achieve clinically effective 
levels.’° Regular intake of glutathione-rich foods, 
whey protein, as well as biochemical precursors, 
such as N-acetylcysteine (NAC) or a-lipoic acid, 
can maintain normal physiologic concentrations 
for antioxidant benefits.’'~’° 


Lycopene 


Lycopene is a nonprovitamin A carotenoid antiox- 
idant with roles in cell growth regulation, gap junc- 
tion communication, gene expression modulation, 
immune responses, and protection of lipid peroxi- 
dation.” Lycopene can be found concentrated 
in many human tissues, especially the adrenal 
glands, breast, liver, prostate, and testes.’° 

Dietary intake or supplementation of lycopene 
has positive effects on semen parameters, however, 
there have been no confirmatory placebo-controlled 
randomized trials to date.'® Men consuming 1 can 
of tomato soup daily (22.8 mg of lycopene daily) 
can increase serum and semen lycopene concen- 
trations.“© Sperm concentration, motility, and 
morphology have been found to improve with intake 
of lycopene 2000 ng twice daily. ’” 

Lycopene is readily available in tomato- 
containing foods. Lycopene is absorbed more 
efficiently from cooked and processed forms 
(ketchup, tomato sauce, stewed tomatoes, and 
so forth) rather than fresh tomatoes.’° A tomato- 
rich diet obviates the need for additional supple- 
mentation. Lycopene has no RDA or upper unsafe 
limit, however excess intake can result in Gl 
distress and skin color changes. Supplementation 
is not considered necessary in most cultures 
because of the availability of lycopene in the diet. 
However, it is reasonable in those with dietary 
intolerances, but optimal dosing is unknown. 


Omega Fatty Acids 


Polyunsaturated fatty acids (PUFAs) are essential 
fatty acids because the human body cannot syn- 
thesize them. The 2 main types of PUFAs are 
omega-3 and omega-6 fatty acids. The main 
omega-3 fatty acids are a-linolenic acid (ALA), do- 
cosahexanoic acid (DHA), and eicosapentanoic 
acid (EPA). The main omega-6 fatty acids are 
arachidonic acid, linoleic acid, and g-linolenic 
acid.’® 
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PUFAs make up an important part of the struc- 
tural component of cell membranes, namely that 
of the cellular lipid bilayer.’°:°° Fatty acids are 
incorporated into the sperm cell membrane and 
play a role in successful fertilization.°' They also 
have antioxidant abilities protecting the spermato- 
cyte from ROS and oxidative stress. 

Intake of PUFAs can improve sperm count, 
motility, morphology, and improve semen antioxi- 
dant activity.°*** This was demonstrated in a 
double-blinded, placebo-controlled, randomized 
controlled study with 238 patients receiving 
1.84 g of omega-3 fatty acids (DHA and EPA) or 
placebo daily for 32 weeks.®* 

A prospective study comparing 82 infertile men 
to 78 age matched fertile men demonstrated a 
significant positive correlation between blood 
plasma and spermatozoa omega-3 fatty acid 
concentration and sperm concentration, motility, 
and morphology (P<.05).°* However, there was 
a negative correlation between omega-6 fatty 
acid of spermatozoa and sperm count, motility, 
and morphology (P 5 .001). This study concluded 
that fertile men had higher omega-3 and lower 
omega-6 fatty acid levels, whereas infertile men 
had higher omega-6 and lower omega-3 fatty 
acid levels. 

Dietary sources for omega-3 fatty acids include 
oils derived from fish, plants, and nuts. DHA and 
EPA are found in cold-water fish (anchovy, halibut, 
herring, mackerel, sardines, salmon, and tuna) 
and fish oil supplements. ALA is found in flaxseed, 
soybeans, pumpkin seeds, purslane, perilla seed, 
walnuts, and their respective oils. The overall 
health effect of omega-3 fatty acids come from 
EPA and DHA; the body converts ALA to these 2 
forms within the body.°° 

There is no RDA for omega-3 fatty acid, however 
the acceptable intake is 1.6 g/d for men.°°°’ 
Omega-3 fatty acid-enriched processed foods 
are widely available. These include bakery prod- 
ucts, eggs, mayonnaise, margarines, meat, milk, 
oils, pasta, salad dressings, and poultry. There- 
fore, omega-3 deficiency is unlikely in most indus- 
trialized societies. 

The side effects of excess omega-3 fatty acid 
supplementation include foul breath, change in 
taste, reflux, bloating, diarrhea, nausea, constipa- 
tion, and pruritus. Excessive intake can also in- 
crease bleeding risk. Caution is advised for those 
on therapeutic anticoagulation or antiplatelet 
therapy.8889 


Phytoestrogens 


Phytoestrogens are plant-derived, nonsteroidal 
compounds that mimic the structure of estradiol 
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and can thus bind to and activate estrogen recep- 
tors a and b.°°°' Phytoestrogens can interact 
with endogenous estrogen signaling pathways 
potentially disturbing normal hormonal pathways. 
They are thus known as endocrine-disrupting 
chemicals (EDCs) and can interfere with the pro- 
duction, metabolism, or activity of the body’s nat- 
ural hormones that are normally responsible for 
development, homeostasis, and reproduction.°7 

Phytoestrogens are naturally occurring plant 
compounds and can be found in many fruits and 
vegetables. Soybeans and soy products are the 
major source of dietary isoflavones, which are a 
subclass of phytoestrogens. Genistin and daidzin 
are the 2 major soy isoflavones found in soy and 
soy derivatives.°°°4 The metabolites of these soy 
isoflavones also have antioxidant properties.°° 

Isoflavones are closely associated with proteins, 
therefore alcohol extraction and processing tend 
to significantly decrease phytoestrogen levels.°° 
The total content is high in soy flour, isolated soy 
protein, fermented soybean, tempeh, and eda- 
mame. Conversely, the content is much lower 
in tofu, miso, soymilk, soy sauce, or alcohol- 
extracted soy protein.°” 

People consuming more soybeans and soy 
products are exposed to higher levels of phytoes- 
trogens. This puts those consuming traditional 
Asian diets in Japan and Korea up to 20 to 
30 g/d at risk for potential fertility problems.°°:°° 
Excessive intake may result in GI distress. Those 
with allergies to soy products may develop pruri- 
tus and rash. 

Several conflicting studies have investigated the 
effect of soy intake on male fertility and more spe- 
cifically semen parameters. A dietary study of 48 
men with abnormal semen parameters and 10 
control patients demonstrated improvements in 
sperm count and motility with soy intake. '°° 

Another dietary study with 99 men found that the 
intake of soy food and isoflavones was inversely 
related to sperm concentration.” Those who 
consumed soy had 41 million/mL less sperm 
compared with nonsoy eaters (P 5 .02). There 
was no quantification of the level of intake or 
serum isoflavone levels. 

A third study with 14 subjects demonstrated no 
effect of isoflavone intake on semen quality or 
serum sexual hormone levels after 2 months of 
treatment.'°? A recent meta-analysis with 32 re- 
ports suggests that soy or isoflavone intake does 
not affect testosterone levels. '°° 

There does not seem to be a beneficial or detri- 
mental effect of soy intake on male fertility or repro- 
ductive capability based on the current literature. 
Negative effects are well outlined in small animal 
studies.°°'°* However, there are no human 


placebo-controlled, randomized controlled studies 
investigating the true effect of soy products on 
overall male fertility and semen parameters. 

Men with idiopathic infertility are advised against 
consuming soy products regularly because of the 
known estrogenic effects of isoflavones and their 
potential effect on the hormonal axis and 
spermatogenesis. 


Selenium 


Selenium is an essential trace element with an 
important role in antioxidant reactions. It is a 
component of glutathione peroxidase and serves 
as a cofactor in the reduction of antioxidant en- 
zymes. °° It also has important roles in maintaining 
testicular development, spermatogenesis, and 
sperm functions, such as motility and capacita- 
tion.'°°'°’ The detrimental effects of selenium 
deficiency include decreased sperm motility, 
decreased spermatozoa midpiece stability, and 
abnormal sperm development resulting in poor 
morphology. 108-199 

Selenium has been noted to improve sperm 
count, motility, and morphology when used alone 
and in combination with other antioxidants and 
supplements. ''°''" Vitamin E plays a role in sele- 
nium metabolism and works in synergy with sele- 
nium’s antioxidant properties.''* Men treated 
with selenium and vitamin E in a prospective ran- 
domized study had an 8% increase in sperm 
motility and a decrease in lipid peroxidation levels 
(P<.05).'° A 3-month placebo-controlled study 
including selenium only and selenium in combina- 
tion with other vitamins demonstrated a 12.9% 
increase in sperm motility (P<.05) as well as an 
11% pregnancy rate over placebo. ''* 

In contrast to the previous studies, a noncon- 
trolled study with selenium only supplementation 
noted increases in serum and seminal selenium 
levels more than baseline, but no change in 
sperm count, motility, or morphology.''* This 
result may reflect the need for selenium to be 
taken in conjunction with other nutraceuticals 
to realize the synergistic effects of this trace 
element. 

Selenium is absorbed readily from the soil by 
certain plants. It can be obtained in the diet directly 
through plants or indirectly through animal protein. 
Dietary sources include nuts (especially Brazil 
nuts), cereals, eggs, meat products (kidney), and 
seafood. This is one of the few nutraceuticals 
in which fruits and vegetables are poor sources.*® 
The RDA is 55 ng, and the upper tolerable limit 
is 400 ng/d.115 

Potential side effects with modest intake less 
than the upper tolerable limit include GI distress, 


fatigue, irritability, and nail changes. Toxic levels of 
intake can result in facial flushing, hair loss, garlic 
odor on the breath, metallic taste, muscle tender- 
ness, tremors, hematologic derangements, and 
hepatic and renal insufficiency. 115116 


Vitamin A 


Vitamin A, otherwise known as carotenoids and 
retinoids, is a fat-soluble vitamin that maintains 
the mucous membranes of the eyes, GI and geni- 
tourinary tracts, and skin. It may also have antiox- 
idant properties, although the exact mechanism is 
unknown.''” Vitamin A deficiency can result in 
decreased spermatogenesis ''® and decrease the 
integrity of Sertoli cell tight junctions thereby 
compromising the blood-testis barrier. 119 

Combination therapy studies including vitamin A 
and other supplements including vitamins C and E, 
selenium, NAC, and zinc, have demonstrated its 
positive effects on sperm motility and count 
(P<.05).113120 Vitamin A only studies are currently 
lacking, therefore, the effect of vitamin A therapy 
alone on male infertility is difficult to discern. 

Dietary vitamin A is readily available through 
many sources including many fruits and vegeta- 
bles (carrots, sweet potatoes, pumpkin, crucif- 
erous vegetables), dairy products, eggs, oily 
saltwater fish, and meat products. Many pro- 
cessed foods are enriched with vitamin A account- 
ing for a significant source of intake in the western 
diet.*® 

The RDA is 900 ng (w 3000 international units 
[IU]; conversion: IU EiD.3 5 mg).'2! The upper toler- 
able limit is 3000 ny.*° Side effects are uncommon 
with doses less than 10,000 ng/d. Vitamin A is fat- 
soluble and is readily stored in the body. Supple- 
mentation beyond daily dietary intake can result 
in accumulation of toxic levels. Symptoms of 
toxicity include central nervous system symptoms 
(fatigue, irritability, mental status changes), visual 
changes, papilledema, vertigo, anorexia, Gl 
distress, fever, sweating, skin dryness, peeling 
skin of hands and feet, muscle aches, joint aches, 
liver toxicity, and hypoplastic anemia. 1?? 


Vitamin C 


Vitamin C, or ascorbic acid, is a water-soluble 
vitamin that is a key cofactor for hydroxylation 
and amidation reactions. '7° It is involved in the syn- 
thesis of collagen, components of intercellular 
matrix, and proteoglycans. Vitamin C is also an 
important antioxidant that plays a role in recycling 
oxidized vitamin E.° It also protects sperm and 
sperm DNA from oxidative damage by neutralizing 
ROS in a concentration-dependent manner. '~* It 
can be found in high concentrations within seminal 
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plasma? and is proportional to intake. Adequate 
concentrations have been demonstrated to reduce 
sperm DNA fragmentation and damage. 18.124.126 

Vitamin C supplementation has been associ- 
ated with improvements in semen quality. Many 
studies have involved concurrent vitamin C sup- 
plementation with other vitamins and antioxi- 
dants. Synergistic improvements in sperm 
motility and concentration have been seen in 
combination studies with b-carotene, vitamin E, 
and zinc.'?’~'2° It is therefore difficult to discern 
the actual effects of vitamin C solely on sperm 
production and function because the positive 
findings in many studies could reflect the syner- 
gistic effect of multiple agents and cofactors. 
Conversely, others have failed to find any positive 
effects on semen parameters when combining 
vitamins C and E.'°° 

Daily vitamin C supplementation with at least 
200 mg has been found to improve sperm count, 
motility, and viability in heavy smokers.‘*' In this 
study, a direct correlation between serum and 
seminal vitamin C concentrations and sperm qual- 
ity improvement was reported. Daily intake of 
vitamin C up to 1000 mg demonstrated the most 
change compared with lower doses, with a 34% 
improvement in viability and count, 5% improve- 
ment in motility, and 33% improvement in 
morphology over baseline (P<.05). Other studies 
have also demonstrated improvements in sperm 
motility with daily doses more than 1000 mg. 13? 

Vitamin C is easily obtained from a multitude of 
fruits (citrus, kiwi, papaya, strawberry, and so 
forth) and vegetables (bell pepper, broccoli, 
cauliflower, kale).*® It is also a common additive 
in processed foods and beverages rendering 
vitamin C deficiency (scurvy) virtually obsolete 
in industrialized nations. The RDA is 90 mg to 
maintain physiologic stores.” Doses 2 to 3 
times more than the RDA result in a significant 
portion of the vitamin being excreted. Side ef- 
fects of intake more than the daily upper limit of 
2000 mg include dyspepsia, headache, and 
increased risk of nephrolithiasis as a result of 
conversion to oxalate.*® 


Vitamin E 


Vitamin E, part of the tocopherol family, is a 
potent antioxidant that plays many important 
roles. It inhibits free-radicalinduced damage to 
cell membranes, prevents lipid peroxidation, and 
improves the activity of other antioxidants. 193-134 

An important effect of vitamin E is its ability 
to reduce seminal ROS levels in men with infer- 
tility.’ 155 A retrospective dietary survey 
and semen analysis demonstrated a direct 
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relationship between increased dietary intake of 
vitamin E and antioxidants and higher sperm 
counts and motility compared with men with low 
intake. '2° Those with higher intake had a higher 
sperm concentration of 84 million/mL and 5% 
higher sperm motility (P<.05). 

Randomized controlled trials of infertile men 
with vitamin E supplementation have demon- 
strated decreased lipid peroxidation, increased 
sperm motility, and improved pregnancy rates 
compared with those in the placebo group 
(P<.001).'°° Combination therapy with vitamin C 
demonstrated significant improvements in DNA 
fragmentation rates with TUNEL (terminal deoxy- 
nucleotide transferase-mediated dUTP nick-end 
labeling) assay improving from 22.1 before treat- 
ment to 9.1 after treatment (P<.001).'24 

Vitamin E dietary sources include fruits, vegeta- 
bles, cereals, grains, vegetable oils, wheat germ, 
eggs, dairy products, meat, and poultry. The 
RDA is 15 mg (w 23 IU).*° The upper daily limit 
is 1000 mg (w 1600 IU),''° although no ill effects 
were seen in those taking up to 2000 mg 
(w 3200 IU) daily. 137 

Supplementation is not benign, however. 
Recent studies have found that vitamin doses 
greater than 400 IU/d increase the risk of cardio- 
vascular complications, especially heart failure, 
as well as all-cause mortality, and offer no protec- 
tion against cancer.'*°:'9° It has been well estab- 
lished that higher doses greater than 800 IU/d 
can increase its antiplatelet effects and bleeding 
risks. 14? It can also mimic or potentiate the effects 
of warfarin'*’ by blocking the conversion of 
vitamin K to its active form at doses as low as 
100 mg.*®8 

Potential side effects include fatigue, Gl 
distress, headache, muscle weakness, rash, 
vision changes, bruising, and bleeding complica- 
tions.*° Patients with bleeding disorders or 
requiring antiplatelet or anticlotting medications 
should be advised against additional vitamin E 
supplementation beyond daily dietary intake. 


Zinc 


Zinc is a cofactor for many enzymes involved in 
DNA transcription and protein synthesis.® It has 
antiapoptotic and antioxidant properties and plays 
an important role in human immune function. 14? 
Zinc is therefore an important component in the 
many physiologic processes involved in human 
growth and development. 143 

Within male reproduction, zinc is involved in 
testicular development and steroidogenesis, 
spermatozoa oxygen management, nuclear chro- 
matin condensation, acrosome reaction, acrosin 


activity, sperm chromatin stabilization, and 5a- 
dihydrotestosterone production. Because of its 
importance, zinc is found in high concentrations 
within the male genitourinary tract, especially in 
the prostate. Zinc deficiency can be associated 
with oligospermia, decreased testosterone levels, 
and compromised function of the immune 
system. 144 

Zinc taken with vitamins C and E has been 
demonstrated to increase sperm motility by 
24% (P<.001), increase the antioxidant carrying 
capacity of 6 nmol/L (P<.001), decrease ROS 
by 5 nmol/L (P<.001), and decrease sperm 
apoptosis and DNA fragmentation.'?° High die- 
tary zinc intake of up to 74 mg daily with folate 
and antioxidants decreased the frequency of dis- 
omy X by 50% (P<.001) in a study of 89 healthy 
men with sperm aneuploidy. '” 

Zinc is present in plants from soil absorption. 
Wheat and seeds (ie, pumpkin, sesame, sun- 
flower, and so forth) have the highest concentra- 
tion.*® In the western diet, most zinc is obtained 
through beef intake secondarily. 14° Zinc deficiency 
is unlikely in industrialized areas because of its 
availability and addition to many processed food 
products. 

The RDA is 11 mg and the upper limit is 40 mg 
daily.'*' Intake more than 200 mg can result in 
GI problems, gastric ulcers, loss of appetite, dehy- 
dration, headaches, and rash.*® Excessive intake 
more than 450 mg daily can lead to altered iron 
function, decreased copper levels, reduced im- 
mune function, reduced high-density lipoprotein 
levels, and sideroblastic anemia. 14° 


DISCUSSION 


Nutraceuticals are heavily marketed to infertile 
couples without much proven scientific data or 
careful screening by the United States Food and 
Drug Administration. Despite an abundance of 
studies on nutraceuticals and their supplement 
counterparts and their effects on semen parame- 
ters and pregnancy outcomes, there is no stan- 
dardization of testing or dosing regimen. The 
lack of uniformity between the studies makes 
direct comparisons difficult at best. 

Current available nutraceutical and supplement 
studies have a different weaknesses including 
small sample size, short duration studies, lack of 
randomization or double blinding, and lack of 
dose standardization.'*° Single agent efficacy is 
also difficult to discern because of simultaneous 
multisupplement studies resulting in the inability 
to appreciate synergistic versus antagonistic 
effects of certain agents. Many studies lack 


control over baseline dietary intake thereby mak- 
ing outcomes difficult to interpret. 

Antioxidant use and male infertility were re- 
viewed extensively in a Cochrane Collaboration in 
2011.147 Their pooled analysis included 34 ran- 
domized controlled trials with 2876 couples being 
treated. Men treated with antioxidants had a statis- 
tically significant increase in pregnancy rates 
(pooled odds ratio [OR] 4.18, 95% confidence in- 
terval [Cl] 2.65-6.59; P<.0001) and live birth rates 
(pooled OR 4.85, 95% CI 1.92-12.24; P 5 .0008) 
compared with those on placebo. Conclusions as 
to whether antioxidant therapy was beneficial to 
semen parameters could not be reached because 
of the low-quality evidence in the 34 studies. 

This article has reviewed the major nutraceuti- 
cals readily available and presented their effects 
on male fertility as well as their potential complica- 
tions. It seems that a balanced diet and selective 
supplementation may have potential positive 
effects on male fertility thereby improving concep- 
tion rates. Excessive intake can also have negative 
consequences (see Table 1). Care must be taken 
with isoflavone intake given the potential for nega- 
tive hormonal effects. 


SUM MARY 


Infertile couples are likely to try multiple nutraceut- 
icals hoping to improve their chances of concep- 
tion with minimal risk and cost before proceeding 
with ART. The current English literature is full of 
studies espousing the positive effects of nutra- 
ceuticals on semen parameters and pregnancy 
rates. Conclusions regarding their effects on 
male subfertility could not be identified, however 
a recent Cochrane review in 2011 did demonstrate 
improved pregnancy and live birth rates. '*” Based 
on this review, the authors caution against the 
widespread adoption of nutraceutical supplemen- 
tation beyond that obtained through a well- 
rounded balanced diet. 
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KEY POINTS 


[he goal of epidemiologic research is to describe and interpret patterns of disease occurrence in 


populations in order to generate knowledge that can be used to prevent and/or treat disease. 


[The epidemiology of male infertility is difficult to study for well-described reasons: 


[Male infertility is not a reportable disease. 


[Male infertility is diagnosed and treated in the outpatient clinical setting. 
[Infertility care is often paid for out of pocket and, therefore, may not be noted on insurance billing. 
[=Frequently, the empiric treatment of male factor infertility involves assisted reproductive technol- 
ogy (in vitro fertilization) that primarily treats the female partner. 
[Ehe true nature of male infertility incidence remains elusive and the prevalence has been weakly 


estimated in heterogeneous studies. 


[Equally perplexing is the assertion of a global decline in male infertility, with many contradictory 


studies leading to significant debate. 


[One consistency throughout this review of literature is that male infertility is variable, with a multi- 
tude of influencing factors (race, country, geography, and unique at-risk groups), many of which 


need further study to better characterize them. 


[Future, large-scale, prospective epidemiologic studies may help physicians bridge these gaps in 


understanding male infertility. 


INTRODUCTION 


Understanding the occurrence of disease in a pop- 
ulation is important because it allows both quanti- 
fying and qualifying the burden of disease. Gaining 
such an understanding allows for societal pre- 
paredness, provides direction to scientists, and al- 
lows health care providers to counsel patients 
appropriately. Recently, infertility has been desig- 
nated as a disease according to the Americans 
with Disabilities Act. This represents a difference 
from prior thinking, wherein infertility was deemed 
a disorder of inconvenience and its treatment 
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considered elective. In contrast, a disease is 
defined as any deviation from or interruption of 
the normal structure or function of any part, organ, 
system, or combination thereof of the body that is 
manifested by a characteristic set of symptoms or 
signs. Based on this definition, male infertility 
meets these criteria. 

The purpose of this review is to integrate under- 
standing of epidemiology and infertility. A primer 
on epidemiologic science is provided and an 
example disease presented for which the design 
of epidemiologic investigations is readily apparent. 
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Key features are then described of infertility that 
limit epidemiologic investigation and a survey of 
available data on the epidemiology of infertility 
provided. Finally, the work that must be completed 
to move this area of research forward is proposed 
and what the epidemiology of infertility may be 
able to teach 20 years from now described. Lastly, 
with this new perspective of “infertility as a dis- 
ease,” improvements in public health that may 
be gained through improved understanding of 
the epidemiology of male infertility are envisioned. 


EPIDEMIOLOGY 


The goal of epidemiologic research is to describe 
and interpret patterns of disease occurrence in 
populations in order to generate knowledge that 
can be used to prevent and/or treat disease. A 
majority of epidemiologic studies are based on 
the concept of identifying all cases of a disease 
in a defined population at risk. These disease 
cases are then studied in relation to the base 
population, from which they arose, in an effort to 
better understand the condition, generally for ther- 
apeutic purposes. ' 

To better understand the power of epidemio- 
logic research, it is useful to imagine a fictitious, 
prototypic disease, Disease Z (DZ). Imagine that 
several decades ago a physician was at a commu- 
nity hospital when he identified a patient with a 
unique set of symptoms and signs that led to 
severe respiratory failure requiring hospitalization. 
The patient had a circular rash on his chest unlike 
any the doctor had ever seen. This initially seemed 
an isolated case of disease but, over the next 
3 months, the same physician cared for several 
more patients with respiratory disease of identical 
quality, all with the circular rash. The doctor 
described this case series in the Miscellaneous 
Journal of Disease, where he noted the pathog- 
nomonic finding of a circular rash, and he gave it 
the name, DZ. As a result of his publication, cases 
of DZ began being reported across the country 
with subsequent publication of several descriptive 
analyses from different hospitals. Doctors began 
to suspect that DZ accounted for more than 20% 
of patients who were hospitalized for acute respi- 
ratory failure. Because of the frequency, severity, 
and life-threatening nature of DZ, the Centers for 
Disease Control and Prevention (CDC) instituted 
a requirement that each case of DZ be reported 
to state public health authorities. No case of DZ 
escaped recognition due to the need for hospital- 
ization and the unambiguous findings that made 
the diagnosis. The cause of DZ remained unclear 
and various therapies were trialed, including 
antibiotics, antifungals, and antiviral therapies; 


however, no one treatment seemed superior to 
another and patients with DZ did uniformly poorly, 
often never regaining normal pulmonary function. 
Two years after the first patient was identified 
with DZ, a researcher in Boston identified 51 
patients hospitalized with DZ in a single city over 
a 1-year period. He compared these individuals 
with a second group of 290 patients, hospitalized 
in the same locations with routine viral or bacterial 
(non-DZ) pneumonia. His research team systemat- 
ically reviewed the hospital records and, when 
necessary, interviewed the patients, their families, 
and their doctors. They compared the patients 
by age, race, occupation, socioeconomic status, 
and place of residence. They also compared 
patients by their other medical illnesses, medica- 
tions, and their lifestyle habits, including tobacco 
smoking, alcohol consumption, and dietary habits. 
In doing so, they investigated no fewer than 45 
potential risk factors as part of the same basic 
research design: studying each factor required 
just gathering more information about each sub- 
ject. Furthermore, the information needed on 
these cases of DZ and the controls without DZ 
generally concerned events that had already 
happened by the time of data collection; therefore, 
the study could be completed quickly. As a result 
of this study, 2 factors, X and Y, were found asso- 
ciated with DZ, and patients with DZ had 3 and 4 
times the exposure to X and Y, respectively, 
compared with those without DZ. When the 
research performed an analysis that grouped indi- 
viduals by their race, it seemed that the associa- 
tion between X and Y and DZ was far more 
pronounced in patients of Asian descent relative 
to other patients. These findings prompted 
another group of doctors to treat their patients 
with DZ with a drug (Drug A) that was known to 
counter the effects of X and Y, and early success 
was reported in several observational studies. 
These strong associations also prompted the 
National Institutes of Health to sponsor a DZ 
prevention and treatment trial. This randomized 
controlled trial was specifically oversampled for 
Asian Americans and assigned one group to 
Drug A and the other to placebo. Among those 
individuals treated with Drug A, no cases of DZ 
developed compared with those not treated, in 
whom 10% developed DZ. 

The story of DZ could go on further; however, it 
is clear from this narrative how epidemiologic 
research has the power to alter the future of DZ: 


Elt can identify the occurrence of disease in a 
base population. 

[Elt can acknowledge an increase incidence in 
disease over time. 


[Elt can identify risk factors for the disease that 
can narrow the search for a cause. 

[2And, it can identify subgroups of individuals 

who have elevated risk for disease, eventually 

designing interventional trials of prevention or 

treatment. 


As with DZ, the full evaluation of any disease or 
condition that affects the human condition re- 
quires epidemiologic study if understanding and 
advancements in treatment are to be made. The 
study of male infertility is no exception. 

In 2007, the Urologic Diseases of America (UDA) 
project consolidated the available literature and 
data on male infertility in an attempt to better 
understand the burden of disease.* Unfortunately, 
the authors thought that insufficient data and 
literature were available to draw meaningful con- 
clusions about the cause of infertility and the char- 
acteristics of infertile men. 

To better define the disease demographics 
of male infertility, the authors think the epidemio- 
logic characteristics of interest should include dis- 
ease incidence, secular or birth cohort trends in 
diagnosis, racial variation, geographic variation, 
and infertility in unique exposure populations. 


INFERTILITY 


Infertility is the inability to conceive after 12 months 
of regular, unprotected intercourse? and infertility 
affects approximately 15% to 20% of all cou- 
ples.*~” The study of male infertility specifically 
presents a vexing clinical problem because both 
male and female partners make an independent 
contribution to a couple’s fertility; however, the 
outcomes of fertility are only manifested by 
conception or giving birth to a child. As a result, 
epidemiologic studies of male infertility present a 
formidable challenge, because the primary 
outcome of interest may be difficult to link to the 
male partner. This difficulty in confirming which 
partner makes the greatest contribution to a 
couple’s disease is a distinguishing characteristic 
of infertility and should be contrasted with DZ, in 
which pathognomonic findings make for diag- 
nostic certainty. 

Historically, epidemiologic and outcomes re- 
search has benefited from large repositories of 
administrative and reportable data. Such reposi- 
tories take the form of insurance or Medicare 
claims, hospitalization records, or requirements 
from the federal government to report specific 
diseases and outcomes. There are limits to these 
types of data, however; such data derive strength 
in numbers and have the ability to represent large 
segments of the US population. Furthermore, 
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these data sets are able to derive prevalence 
and, on occasion, incidence of a disease in a 
population at risk and help quantify disease 
burden. Understanding of these disease pro- 
cesses can then stimulate further research and, 
potentially, therapeutic innovations focused on 
the affected population. 

There are several factors that have impeded the 
study of male infertility: 


[Male infertility is not a reportable disease. 

[EFor example, a diagnosis of prostate 
cancer is easily found within large-scale 
databases such as the Surveillance, Epi- 
demiology and End Results database. 
Epidemiologic data are easily queried to 
quantify many aspects of disease, including 
prevalence, treatment outcomes, and sur- 
vival characteristics, with the goal of 
improved therapies over time. 

[Male infertility is diagnosed and treated in the 
outpatient clinical setting. 

EbDutpatient data are not accrued into 
large databases and, therefore, quantifying 
disease burden effectively is often not 
possible. 

[Infertility care is often paid for out of pocket 
and, therefore, may not be noted on insurance 
billing. 

[For obvious reasons, if there are no insur- 
ance claims to track diagnoses and treat- 
ments of a disease, it is difficult to quantify 
its true nature. 

[Frequently, the empiric treatment of male 
factor infertility involves assisted reproductive 
technology (in vitro fertilization) that primarily 
treats the female partner.? 

Ehe CDC tracks in vitro fertilization out- 
comes and requires that an actual cause 
be assigned for the woman whereas only 
a single variable, “Male Factor—Yes/No,” is 
assigned for men. 


Whereas data were able to be compiled on DZ 
for advancement in understanding, given these 
described limitations with male infertility, there 
are neither repositories of data nor readily avail- 
able means of identifying a population-based 
sample of infertile men in government, hospital, 
or standard claims data. As a result, most studies 
of male infertility to date have been case series 
data typically drawn from tertiary care or referral 
centers, population-based surveys, or high-risk 
occupational cohorts. For these reasons, a clear 
picture of the epidemiology or the underlying 
causes of male infertility in a population represen- 
tative sample has never emerged.®'° 
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MALE INFERTILITY 


Several areas of investigation provide evidence for 
the public health burden of male infertility. Reports 
have suggested that male infertility has been 
increasing over the past several decades; however, 
the extent and causes of declining male reproduc- 
tive health remain largely unknown. The assertion 
that male infertility is increasing on a global level 
is controversial and challenging to confirm.® 1112 
Beyond the increasing burden of disease, male 
infertility causes significant psychosocial and mar- 
ital stress®:'°'* and is associated with a high cost 
of infertility care. Recent work has suggested 
that male infertility may be associated with reduced 
longevity? and that male factor infertility is an 
increased risk factor for certain malignancies.'° 
Although the cause of male infertility is understood 
in some cases (eg, cryptorchidism, specific genetic 
causes, and medical disease), most cases are due 
to poor semen quality (oligozoospermia, astheno- 
zoospermia, or teratozoospermia—alone or in 
combination) of unknown causes.'° Additionally, 
up to 12% of couples have no identifiable cause 
of infertility.” 


INCIDENCE OF MALE INFERTILITY 


Incidence is defined as the number of new cases 
of a disease in a specific population at risk over 
a specific period of time. This is in contrast to prev- 
alence, which is defined as the total number of 
cases of disease (both old and new) present in a 
specified population at a single point in time. 
These terms are occasionally used incorrectly in 
medical literature but have important distinctions 
(Fig. 1). Incidence is a rate at which a new disease 


occurs and is described as “cases per Xnumber of 
person-time.” Prevalence, alternatively, is gener- 
ally easier to calculate given that it may be as- 
sessed at a single point in time and is presented 
as a proportion of the total (%). 

In order to calculate a disease incidence or prev- 
alence, the base population at risk for a disease 
must first be defined. In the DZ example, all indi- 
viduals in the Boston area were at risk for the 
disease; therefore, they comprise the denominator 
of the equation whereas new cases of DZ are the 
numerator. Frequently it is easiest to define a 
population at risk by geography, because popula- 
tion census data may be used as the denominator 
and, to date, most studies aimed at describing the 
incidence or prevalence of male infertility have 
done so for specific geographic regions. 

Several efforts have been made to quantify the 
burden of infertility in certain parts of the world 
(Table 1). Thonneau and colleagues‘? deployed a 
cross-sectional design and conducted a large- 
scale survey of 1686 couples who were at risk for 
infertility in a specific French region in 1991. They 
were able to quantify prevalence despite the title 
mentioning incidence of infertility. Their principle 
findings were 14.1% overall infertility, with 39% 
having both a male and female component and 
approximately 20% due to male factors alone. 

In 1994, Gunnell and Ewings® sent a postal 
questionnaire to 3141 British women. With a 
response rate of 76.7%, the overall prevalence of 
primary infertility was 16.1% and of secondary 
infertility was 15.8%; 26.4% of women were likely 
to suffer from infertility at some point in their lives. 
A component of male infertility could certainly be 
at play in the population; however, only female 
outcomes were described. 


Prevalence Incidence 
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Fig. 1. Conceptual model detailing the difference between prevalence and incidence. Yellow circlesrepresent dis- 
ease of interest and blue circlesrepresent controls. Prevalence involvesa snapshot of the disease burden, whereas 
incidence describes new events of disease over a given time period. 


Table 1 
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Examples of population-based studies focused on describing the scope of infertility in men and 


women 


Title 


Incidence and main 


Author, Year 


Thonneau et al, ‘© 


Population 
1686 Couples 


Female Male Both? 
Factor? (%) Factor? (%) (%) 


30 20 39 


causes of infertility in 1991 
a resident population 
(1,850,000) of three 

French regions 

(1988-1989) 


Infertility prevalence, 


needs assessment 

and purchasing 
Estimation of the 

prevalence and 


causes of infertility 


in Western Gberia 
High prevalence of 


Gunnell & Ewings,° 
1994 


Philippov et al,° 
1998 


Ikechebelu et al, 18 


3141 Surveyed 
women 


2000 Married 
women surveyed, 
186 couples 


314 Couples 


male infertility in 2003 
southeastern Nigeria 


Clinical patterns and 


Bayasgalan et al,'° 
major causes of 2004 
infertility in Mongolia 


Philippov and colleagues® studied 2000, ran- 
domly selected, married women in Tomsk, West 
Siberia, using World Health Organization (WHO) 
questionnaire data. These revealed an overall 
infertility of 16.7% (3.8% primary and 12.9% sec- 
ondary) with 52.7% and 6.4% attributed to female 
and male factors, respectively. The high rate of 
female factors was thought related to a high rate 
of complications after births (24.1%) and artificial 
performed abortions. In 38.7%, both partners suf- 
fered from infertility factors. 

In 2003, a Nigerian study revealed an inordi- 
nately high prevalence of male infertility in the 
country’s southeastern region. Ikechebelu and 
colleagues? performed a retrospective review of 
314 couples evaluated for infertility in gynecologic 
clinics at 2 hospitals between 1997 and 1998. Male 
factor infertility was estimated at 42.4% whereas 
female factors were estimated at 25.8%. In 
20.7% of couples, both partners were affected. 
Sexual promiscuity and sexually transmitted 
diseases (and inadequate treatment) have been 
implicated in the high rate of male factors. 

Finally, a similar retrospective review was per- 
formed in Mongolia at the State Research Center 
on Maternal Child Health in Ulaanbaatar. Bayas- 
galan and colleagues‘? found that female factors 
accounted for 45.8% and male factors for 
25.6%, and 18.8% of couples had both male and 
female factors. High percentages of female 


430 Couples 


infertility were thought related to pelvic inflamma- 
tory disease (PID) because 25% of women had 1 
or more episodes of PID and 32.8% of female fac- 
tors of infertility were tubal in origin. 

An overall view of these studies reveals that 
some attempted to quantify prevalence, but most 
were descriptive in nature, and none was able to 
define the incidence of male infertility. These 
studies suggest that male factor infertility can 
vary widely based on geography (eg, Nigeria vs 
Mongolia) as well as inherent risk factors. Forget- 
ting the differences in methodology of these 
studies and evaluating additional existing literature, 
a component of male factor infertility may range 
widely, from 6% to 50%, with many groups esti- 
mating 30% to 50% .2:4:9:7:16.18-22 

In the United States, the UDA project made 
an initial effort to quantify male infertility in the 
United States. Meacham and colleagues used a 
variety of databases (Center for Health Care Eval- 
uation, Healthcare Cost and Utilization Project, 
National Survey of Ambulatory Surgery, National 
Ambulatory Medical Care Survey, Veterans Health 
Administration, Society for Assisted Reproductive, 
Technology, and others) to explore many aspects 
of this topic.” These investigators speculated that 
infertility due to male factors alone might be closer 
to the 30% when accounting for bias (selection 
bias based on differential referral, modification of 
risk behavior based on reproductive outcomes, 
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and so forth) and study methodology in the exist- 
ing available literature.*~* 

The true extent of male infertility is likely 
underestimated due to a lack male evaluation 
in infertile couples. Eisenberg and colleagues’? 
recently evaluated frequency of the male infertility 
evaluation using National Survey of Family 
Growth (NSFG) data and found that 18% to 
27% of men within infertile couples were not eval- 
uated, which corresponds to 370,000 to 860,000 
men who may have undiagnosed male factor 
infertility. Additional studies have shown that 
race, education level, and socioeconomic status 
can also be significant predictors of infertility utili- 
zation, potentially leaving many at-risk men undi- 
agnosed. For example, Hotaling and colleagues”° 
examined data from the 2002 NSFG (cycle 6) and 
found college or advanced degree and marital 
status significantly associated with infertility care 
whereas income, increasing number of children, 
age, religion, and private insurance were all asso- 
ciated on bivariate but not multivariate models for 
infertility resource utilization. Given these findings, 
the investigators concluded that the current avail- 
able data garnered on male infertility from centers 
of excellence case series might not reflect the 
true population at risk. 

Together these data suggest that male factor 
infertility comprises a significant component of 
global infertility and needs to be better quantified 
and qualified with larger-scale, well-controlled, 
population-based studies. 


SECULAR OR BIRTH COHORT TRENDS IN 
DIAGNOSIS 


Secular trends refer to the changes in incidence of 
pattern of disease that occur over time. Presum- 
ably, such changes reflect ever-changing expo- 
sures that occur as a result of a population’s 
changing environment. This is in distinction to birth 
cohort trends that refer to changes in incidence or 
pattern of disease that result from the era in which 
an individual was born. For example, during the 
era of diethylstilbestrol use as a means of control- 
ling preterm labor, children born (in the 1950s and 
1960s) to women who used the drug are now at 
risk for breast cancer and reproductive disease. 
There are few data on birth cohort trends in 
diagnosis and the majority of male infertility litera- 
ture examining this relationship involves semen 
analysis. In 1992, Carlsen and colleagues'* made 
the first attempt to quantify changes in semen 
quality (and, in theory, male infertility). This group 
evaluated 61 articles addressing this question, 
spanning from 1938 to 1991, including 14,947 
subjects. Their findings based on linear regression 


revealed a significant decrease in mean sperm 
count (113-66 million/mL) and volume (3.4— 
2.75 mL) over this 53-year period. Using the 
WHO definition of normal semen parameters 
(count >20 million/mL, volume 2-6 mL),’ whether 
this decrease makes an appreciable impact on 
male factor infertility is unclear but teleologically 
makes sense. 

This study was scrutinized by Fisch and Golub- 
off?’ (among many others), who pointed out signif- 
icant flaws within the analysis. These investigators 
re-evaluated the 61 studies described but limited 
their analysis to more robust studies with sample 
sizes greater than or equal to 100 men. They found 
a significant trend toward geographic variation 
(eg, high counts in the United States in early years 
vs low counts in developing countries in later 
years) and suggested comparing markedly dif- 
ferent populations may simply reflect “clustering 
of significant geographic variations rather than a 
decline over time.”*’ Further scrutiny suggested 
other flaws, including high variability of methods 
for sperm collection, lack of control for absti- 
nence, smoking and drug use, and failure to 
include some positive studies.2° In a re-analysis 
of Carlsen and colleagues’ data, however, Swan 
and colleagues*® found significant declines in 
sperm density in the United States, Europe, and 
Australia when controlling for abstinence, age, 
percent of men with proved fertility, and specimen 
collection method. 


As one can see, the data is mixed with the following 

two examples yielding different conclusions: 

1. In 1996, Fisch and colleagues*° performed a 
retrospective review of semen parameters in 
1283 men at 3 United States sperm banks 
over a 25-year period. When controlling for 
age and duration of abstinence, this review 
found a slight increase in mean sperm concen- 
tration but no change in semen volume or 
motility over time. 

2. A more recent review by Rolland and col- 
leagues?’ from a representative population in 
France looked at partners of women undergoing 
assisted reproductive technology procedures 
and showed a decline in semen concentration 
and normal morphology over a 17-year period. 


Many other studies exist with equally conflicting 
results. For example, a recent systematic review 
looking at 35 major semen analysis studies showed 
a total of 8 (18,109 men) suggesting a decline over 
time; 21 (112,386 men) showing no change or an in- 
crease in semen quality; and 6 (26,007 men) 
showing ambiguous or conflicting results.2° Well- 
controlled, prospective data are needed to examine 
this question further. 


RACIAL VARIATION 


Data on male factor infertility as it pertains to race 
are lacking in the current literature. Age-adjusted, 
VA-based data have shown that Hispanic men 
have the highest frequency of treatment of male 
factor infertility, followed by African Americans, 
then whites. This is in opposition to National 
Ambulatory Medical Care Survey data suggesting 
a higher utilization of male infertility treatment 
therapies in white men in the private sector.” Addi- 
tionally, recent data from the NSFG suggest 
that white individuals are more likely to undergo 
infertility evaluations than other races.” The 
cause of discrepancy between these populations 
is unclear. In a recent study looking at an equal 
access no-cost health care system, military 
personnel seeking treatment showed no signifi- 
cant trends in race, and the race distribution was 
balanced, based on enlisted demographics. °* 

In 2008, Walsh and VanDenEeden described a 
cohort of men who were evaluated for infertility 
within Kaiser Permanente of Northern California 
(KPNC). KPNC offered a unique opportunity to 
investigate male infertility in a population-based 
cohort of men given that it is an integrated health 
delivery system for more than 3.2 million members 
(>2 million adults; 48% men)and provides compre- 
hensive health care to 43% of covered lives in 
Northern California. KPNC is also known to provide 
care to a racially and ethnically diverse population 
that is generally not seen in other referral centers. 
In this work, the investigators queried a population 
database of more than 1.5 million men older than 
18 years and found approximately 30,000 men 
evaluated for infertility by semen analysis. Overall, 
there was a 36% prevalence of semen abnormal- 
ities, with clear association between advancing 
age and an increasing proportion of abnormalities. 
Of greater significance, however, was the finding 
that 49% of African Americans were found to 
have an abnormal test compared with 37% , 38%, 
and 39% of white, Asian, and Hispanic men, 
respectively.°° 


GEOGRAPHIC VARIATION 


When looking at men seeking care, data from the 
National Survey of Ambulatory Surgery in the 
mid-90s revealed a tendency toward increased 
outpatient visits in the Northeastern United States 
followed by the South, Midwest, and the West.” 
This is potentially due to the preponderance of 
infertility clinics in the Northeast compared with 
the rest of the United States. A more recent review 
of these data suggests that this finding persists 
in 2009.°* Geographic differences in insurance 
coverage may also play a role in this trend. 


The Epidemiology of Male Infertility 


In a study by Swan and colleagues? looking at 
geographic variations in semen quality of 512 
fertile couples in 4 cities across the United States 
(Columbia, Mississippi; Minneapolis, Minnesota; 
New York, New York; Los Angeles, California), 
sperm concentration and motility were found 
reduced in semirural and agricultural areas rela- 
tive to more urban settings. This association sug- 
gests that male factor infertility can likewise be 
affected in these regions. This is further corrobo- 
rated by large meta-analyses, systematic reviews, 
and other individual studies showing stark differ- 
ences in sperm counts varying between countries, 
both industrialized and not.'*?’°' Additionally, 
exposure to various environmental toxins and 
trends in genitourinary infections based on geog- 
raphy can contribute to male infertility. '°:22-°°°® 


INFERTILITY IN UNIQUE EXPOSURE 
POPULATIONS: OBESITY AS AN EXAMPLE 


The WHO body mass index (BMI) categories are 
less than 18.5 (underweight), 18.5 to 24.9 (normal), 
25.0 to 29.9 (overweight), 30 to 39.9 (obese), and 
greater than 40 (morbidly obese).°° Using these 
definitions, data from the 2009-2010 National 
Health and Nutrition Examination Survey indicate 
that 35.7% of the United States population is 
obese, which equates to approximately 37 million 
men over the age of 20.*° Although there is well- 
known morbidity associated with chronic obesity, 
including heart disease, stroke, type 2 diabetes 
mellitus, and certain types of cancer, whether 
this plays a significant role in male factor infertility 
is a subject of debate. 

Using the definition of infertility as the inability to 
conceive after 12 months of regular unprotected 
intercourse, data from epidemiologic studies, 
including the Agricultural Health Study (a large- 
scale study of 1300 couples, studying pesticide 
applicators and their spouses),*'“* the Danish 
National Birth Cohort (10,000 pregnant women 
interviewed for subfecundity relative to spouse 
BMl),4° and the Norwegian Mother and Child 
Cohort Study (26,000 pregnant women assessed 
for infertility relative to spouse BMI) suggest a 
dose-response increase in male infertility with 
increasing BMI.** There were, however, limitations 
to each of these analyses, calling applicability into 
question.** For example, in the latter 2 analyses, 
only pregnant women were surveyed, indicating 
a selection bias, whereas in the Agricultural Health 
Study, there were confounders, including pesti- 
cide exposure (a well-known gonadotoxin*°) and 
a significantly higher overall infertility rate of 28%. 

Data regarding semen are also conflicting in 
regards to obesity. Studies have shown obesity 
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can have a negative effect on both sperm count*° 
and motility, with limited data on morphologic 
effects. Kort and colleagues*® also showed evi- 
dence of increased DNA fragmentation correlated 
with obesity. These studies (and others) were 
examined in a large systematic review and meta- 
analysis looking at semen parameters in obesity. 
Although some studies did show a trend with 
adverse effects of obesity on sperm parameters, 
the trend of all the available research did not sup- 
port definitive conclusions.*” An updated system- 
atic review by Sermondade and colleagues,*® 
looking at sperm count alone, re-reviewed the 
data of these studies (plus additional data col- 
lected in the interim) and concluded that elevated 
BMI (both overweight and obese categories) was 
associated with significantly decreased sperm 
counts, defined as less than 40 million per ejacu- 
late. Their findings revealed a J-shaped curve 
with a nonsignificant increase in decreased sperm 
counts with underweight individuals. Whether this 
decreased trend in sperm count, with the cutoff 
of 40 million per ejaculate, definitively manifests 
as infertility and is directly related to obesity is 
debatable. 

Obesity has also been shown in various studies 
to be associated hormonal aberrations, including 
decreased follicle-stimulating hormone and leuti- 
nizing hormone, decreased total and free testos- 
terone (T), increased estrone and estradiol (due 
to peripheral aromatization of androgens), de- 
creased inhibin B levels (a marker for Sertoli cell 
function), and reduced sex hormone-binding 
globulin (SHBG) (thought to be related to insulin 
resistance in obesity and poor hepatic synthetic 
function), all of which can interfere with male 
reproduction through various mechanisms.“ A 
meta-analysis and review of these studies by 
MacDonald and colleagues*’ found a strong 
negative relationship between BMI and T and 
SHBG but no definitive conclusions about the 
more biologically active free T. Findings regarding 
estradiol were mixed overall and available data did 
show a decrease in inhibin B with elevated BMI. 
The available data seem to show trends in obesity 
effects on male infertility through hormonal mech- 
anisms; however, further study is required for 
more definitive conclusions. 

Finally, obesity increases the risk of erectile 
dysfunction*® and erectile dysfunction is more 
common in infertile men.°° This may be explained 
by the decreased T levels in obese males as well 
as increased circulating proinflammatory cyto- 
kines found in obesity (postulated to interfere via 
nitric oxide pathway).*" 

Together these findings show a complicated 
relationship between obesity and male infertility 


and suggest further study is needed to understand 
the true pathologic relationship between obesity 
and male factor infertility. 

Although obesity is one example of a potential 
risk factor of male infertility in a unique exposure 
population, it illustrates the need to examine all 
potential associated risk factors. In the DZ 
example, studying separate risk factors within 
different groups led to development of specific 
targeted therapies. This remains the goal in treat- 
ment of male factor infertility. 


SUMMARY AND LIMITS TO EPIDEMIOLOGIC 
ANALYSIS OF MALE INFERTILITY 


Understanding the occurrence of disease in a 
population is important because is allows both 
quantifying and qualifying the burden of disease. 
As in the hypothetical example of DZ, epidemi- 
ology can help make advancements in both under- 
standing and treatment of disease for the 
improved care of patients. 

The epidemiology of male infertility is difficult to 
study for well-described reasons, including not 
being a reportable disease, predominantly outpa- 
tient treatment, lack of insurance coverage and 
paying out of pocket, and underestimation of out- 
comes based on the nature of male and female 
fecundity. 

The true nature of male infertility incidence 
remains elusive and the prevalence has been 
weakly estimated in heterogeneous studies. 
Equally perplexing is the assertion of a global 
decline in male infertility, with many contradictory 
studies in the available literature leading to signif- 
icant debate. Perhaps the only consistency 
throughout this review is that male infertility is 
variable with a multitude of influencing factors 
(race, country, geography, unique at-risk groups, 
and so forth), many of which need further study 
to better characterize them. In the end, future 
large-scale, prospective, epidemiologic studies 
may help physicians bridge these gaps in 
understanding. 


RESEARCH MOVING FORWARD 


A potential goal moving forward is to establish a 
large, diverse longitudinal cohort of men with infer- 
tility. This cohort could be compared with appro- 
priately matched populations, including fertile 
men with infertile or fertile partners or a general 
population of age-matched men. These data 
would then be linked to socioeconomic and envi- 
ronmental variables and, depending on the ques- 
tion asked, the epidemiologic data could spur 
new research avenues and treatments. 


A proposed framework to answer continued 
questions about male infertility: 


[Establish a longitudinal database and register 
all men with infertility. 

[Accrue subjects from all possible care centers 
and varied backgrounds. 

[Follow detailed variables on these patients 
over time (eg, laboratory data). 

[Link these data to other national databases 


and/or disease registries. 


[Glink assisted reproductive technology or 


intervention data to patient outcomes. 


[EUse these epidemiologic findings to further 


elucidate the nature of disease and improve 
patient outcomes. 
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KEY POINTS 


[Most patients in the United States with reproductive health disorders are not covered by their health 


insurance for these problems. 


[Health insurance plans consider reproductive care as a lifestyle choice, not as a disease. 

Elf coverage is provided it is, most often, directed to female factor infertility and advanced reproduc- 
tive techniques, ignoring male factor reproductive disorders. 

[This article reviews the history of reproductive health care delivery and its present state, and con- 


siders its possible future direction. 


INTRODUCTION 


With the passage of the Affordable Care Act (ACA) 
and the affirmative ruling on it by the Supreme 
Court, the United States is undergoing a major 
change in health care delivery." This process is 
likely to evolve over several years and will lead to 
substantive changes in reimbursement models 
for health care providers and patients. The ACA in- 
cludes a variety of concepts and buzzwords such 
as global payments and accountable care organi- 
zations, and suggests the end of fee-for-service 
medicine. What the final product will look like is 
not clear, but as health care costs continue to 
escalate at unsustainable rates it is inevitable 
that significant changes lie ahead. 

Over the past 35 years important scientific ad- 
vances have occurred in the understanding and 
treatment of reproductive disorders. The delivery 
of, and access to, reproductive health care has re- 
mained largely outside the models for most other 
diseases, in large measure because of the failure 
of federal and third-party health insurers to recog- 
nize infertility as a disease, instead characterizing 
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reproduction as a lifestyle choice. In 2008, the 
American Society of Reproductive Medicine 
(ASRM) Practice Committee published its defini- 
tion of infertility as a disease in its journal Fertility 
and Sterility.2 

This article reviews the present state of the 
extant models for reproductive health care deliv- 
ery, the expanding recognition of infertility as a 
product of common global health concerns, and 
the disparities in access to and reimbursement 
for reproductive health care. 


WHAT CONSTITUTES REPRODUCTIVE HEALTH 
CARE? 


The traditional concept of reproductive health 
focused on the female and included diagnosis of 
pregnancy, checkups throughout pregnancy, and 
a safe delivery for both mother and baby. Female 
reproductive health extends back to antiquity 
with professional midwives assisting deliveries in 
ancient Greece and Egypt. In modern times, 
many women seek medical care before becoming 
pregnant, either for concerns related to fertility or 
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simply to optimize their health before the stresses 
of pregnancy. This optimization could include ad- 
dressing a variety of diseases, not only those 
that directly affect the reproductive tract but also 
diseases that indirectly affect a woman's ability 
to either become pregnant or to have a safe preg- 
nancy. All of these aspects of health care are 
included in the concept of reproductive health. 

In addition, sexual health for women of repro- 
ductive age, which includes sexual dysfunction, 
sexually transmitted diseases (STDs), and preven- 
tion of pregnancy, are an integral part of reproduc- 
tive health. Obstetrician-gynecologists (Ob/Gyns) 
in the United States diagnose and treat such a 
broad spectrum of illnesses outside the reproduc- 
tive tract that traditional primary-care concerns 
have become a part of Ob/Gyn training and board 
exams. More than one-third of a private Ob/Gyn’s 
nonpregnant, reproductive-aged patients use their 
Ob/Gyn as their primary care physician.* Not all 
health concerns of these patients are included un- 
der the title of reproductive health, but the concept 
of reproductive health in women, which dates 
back to ancient times, has broadened through 
the years. 

In men, reproductive health care is a more mod- 
ern concept. The mature sperm cell was first 
discovered in 1677 by Leeuwenhoek in Holland, 
and, for centuries, the only science available in 
male reproductive health was the microscopic 
analysis of semen. Through time, semen analysis 
progressed from the simple identification of the 
presence of sperm to numerous quantifiable pa- 
rameters (discussed elsewhere in this issue). 

The absence of sperm in the ejaculate is some- 
times the desired result because sterilization is 
another aspect of male reproductive health. Va- 
sectomy is a safe and effective form of contracep- 
tion and the most commonly performed urologic 
surgical procedure in the United States.°° The first 
vasectomy was performed by Cooper in the 
United Kingdom in the 1820s on a dog. Although 
human vasectomies were performed shortly there- 
after, it was not until the 1940s that the vasectomy 
gained widespread acceptance as a form of 
contraception.’ Of the approximately 500,000 va- 
sectomies performed annually in the United States 
in modern times, up to 7% to 10% of these vasec- 
tomized men eventually seek reversal.°° Recon- 
struction of the male reproductive tract for 
obstructive azoospermia remains an important 
aspect of male reproductive health. Male repro- 
ductive health includes the other aspects of sexual 
health, namely STDs and sexual/erectile dysfunc- 
tion (ED). Modern male reproductive health has 
expanded greatly as understanding of the many 
risk factors and concomitant disease states that 


can affect a man’s ability to reproduce has grown 
through time. 


CHANGES IN REPRODUCTIVE HEALTH CARE 
THROUGH TIME 


The first oral contraceptive pill (OCP) was 
approved by the US Food and Drug Administration 
for contraception in 1960, but had already been 
available since 1957 for menstrual disorders and 
an estimated half a million American women had 
already used it.° Although more than a million 
women had used the pill by the following year, 
OCPs were not legally available in all states to 
married women until 1965, and to unmarried 
women in 1972 after those rights were decided 
on in the United States Supreme Court.1™11 The 
availability of OCPs allowed women to control their 
own fertility in a reliable manner and prevent or 
delay pregnancy as they saw fit. 

The ability of women to control their fertility was 
especially useful during a time when women were 
increasingly entering the professional world. Delay 
of childbirth became a more common practice that 
continues today as women choose to better 
establish their careers or increase their financial 
position before starting a family. The US Centers 
for Disease Control and Prevention report that 
the average age of first childbirth among women 
born in 1930 was 20.8 years, in 1960 it was 
22.7 years, and today it is 25.4 years. The rate at 
which women are having their first child at more 
than the age of 30 years has increased from 
9.7% in 1995 to 13.6% in 2006 to 2010, and the 
first child at more than the age of 35 years from 
1.7% to 2.8%.'* This trend increases the need 
for reproductive health care as female fecundity 
decreases with age, particularly after 35 years of 
age. 1° 

Another important change in reproductive 
health care has been the introduction of advanced 
reproductive technologies (ART) including in vitro 
fertilization (IVF) and intracytoplasmic sperm injec- 
tion (ICSI). The first human birth via IVF occurred 
in 1978, for which Robert G. Edwards was 
awarded the Nobel Prize in Physiology or Medicine 
in 2010.'* IVF has allowed many couples with 
female and/or male factor infertility to successfully 
achieve pregnancy and birth, with more than 
4 million babies to date worldwide.'° ICSI, first 
successfully performed in 1992,'° has further 
increased the ability for couples to achieve preg- 
nancy despite the availability of few sperm 
obtained from retrieval techniques. Clinical preg- 
nancy rates of more than 40% have been reported 
with ICSI, which has seen widespread use through 
the years. '” 


MODELS OF REPRODUCTIVE HEALTH CARE 
DELIVERY 
Fee For Service 


The use of ART is expensive. The ASRM reports 
the average cost for a cycle of IVF in the United 
States is $12,400.18 The average cost per delivery 
using IVF in the United States is estimated to be 
more than $56,000.'° Although payment for care 
during pregnancy and delivery has traditionally 
been included in many forms of health care 
coverage, payment for ART and treatments related 
to infertility including procedures for men have 
largely been an out-of-pocket expense to the pa- 
tient.2° Over time, third-party health insurance 
companies began to offer coverage for infertility 
services. Each insurer offers different packages 
of coverage to different groups or employers, 
which makes data gathering difficult. Many cov- 
erage packages offer infertility services as a sepa- 
rate option to the individual, and some more 
robust packages include these services to all 
with varying levels of copay. 


State-mandated Coverage 


One of the significant changes that has occurred 
in reproductive health care reimbursement has 
been state-mandated insurance coverage of 


Table 1 
State-mandated insurance coverage of infertility treatment 
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infertility treatment. At the time of this writing, 
only 15 states have such laws and 3 of these 
only mandate that the specified insurers offer 
coverage as an option (Table 1).2° The scope of 
these laws and types of infertility treatments 
covered varies widely among these states, but is 
typically narrow in focus. These laws either 
mandate all insurers or some combination of in- 
surers for groups, individuals, employers, and/or 
health maintenance organizations to include the 
specified coverage for infertility treatments. The 
mandated coverage varies from vague statements 
that infertility services should be offered to specific 
requirements such as Maryland’s mandate of up 
to 3 rounds of IVF per live birth with a lifetime 
maximum coverage of $100,000. Several states 
have restrictive limits, such as Hawaii, which man- 
dates that 1 cycle of IVF must be covered, or 
Arkansas, which has a $15,000 lifetime maximum 
of coverage. Most of the states that do not have 
vague laws specifically mandate coverage for IVF 
and female-related diagnostic tests, procedures, 
and treatments with little or no mention regarding 
male factor infertility. Four states make mention 
of men by specifying that only the spouse’s sperm 
be used to fertilize the egg, thereby prohibiting the 
use of donor sperm. Only 7 states include lan- 
guage regarding male factor infertility. Many of 


Required 


State Coverage 


Arkansas Yes 


California No 
Connecticut 
Hawaii 


Illinois 
Louisiana 
Maryland 


Massachusetts 
Montana 
New Jersey 


New York 
Ohio 

Rhode Island 
Texas 

West Virginia 


Abbreviation: NA, not applicable. 


Maximum Lifetime Spouse’s 
Coverage Sperm Only 


$15,000 Yes 


NA No 
2 cycles IVF No 
1 cycle IVF 


6 cycles IVF 
NA 
$100,000 


No limit 
No limit 
4 cycles IVF 


No limit 

IVF optional, no limit 
$100,000 

NA 

No limit 


Male Factor Infertility 
or Treatment Mentioned 


Abnormal male factors contributing 
to infertility 

No 

No 


Abnormal male factors contributing 
to infertility 


No 
No 


Abnormal male factors contributing 
to infertility 


Sperm procurement and banking 

No 

Surgery, including microsurgical 
sperm aspiration 

Testis biopsy and semen analysis 

Testicular failure 

No 

No 

No 


207 


208 


Lindgren & Ross 


the state laws have various restrictions including 
an upper limit for the female’s age (from 40- 
46 years) and excluding those who had previously 
undergone voluntary sterilization. RESOLVE, the 
National Infertility Association, has developed a 
state fertility scorecard that ranks and grades the 
states based on the insurance mandates dis- 
cussed earlier, legislation introduced in the past 
year, the number of fertility clinics per capita, and 
the number of their own RESOLVE support groups 
(see ref.*' for state fertility scorecard web 
address). These laws impose a minimum amount 
of coverage on the insurers that are specified, 
which can be exceeded if an employer or group 
negotiates more coverage in their contract. 


Winfertility: A Private, Bundled Model 


A company started in 2000, Winfertility represents 
a new model of reproductive health care delivery. 
By partnering with reproductive endocrinology 
(RE) practices, laboratories, and medication sup- 
pliers across the United States, Winfertility is 
able to provide discounted infertility services. 
Each couple is evaluated and presented with a 
bundle of services depending on the diagnostic 
category into which the female partner is classi- 
fied. The company is also able to incorporate any 
insurance benefits available to the couple, which 
provides them with a single, all-inclusive fee that 
may, for example, result in a cycle of IVF. At pre- 
sent, Winfertility has not partnered with any urol- 
ogy practices. When the male partner has an 
abnormal semen analysis and is referred for further 
evaluation and treatment, these costs, as well as 
subsequent diagnostic and/or surgical procedures 
required in the male, may be negotiated separately 
with the referring RE practice. For many couples 
that are either paying out of pocket or are faced 
with a significant copay for their infertility work- 
up and treatment, this bundled approach offered 
by Winfertility can facilitate the process by 
providing discounted services.** 


Reproductive Endocrinologist Group Risk- 
sharing Model 


Some groups of reproductive endocrinologists 
have developed various risk-sharing models to 
potentially give couples a more enticing option 
than simple fee-for-service payment. One such 
program guarantees either the live birth of a normal 
infant or a refund for the program fee of $25,000.7° 
Eligible women, 35 years of age or younger, were 
carefully selected with pre-IVF testing to mitigate 
the practice’s risk. The fee covers 1 cycle of IVF 
but does not cover the expensive follicle- 
stimulating hormone medications. The patient will 


pay a large amount if they have a successful live 
birth after a single cycle of IVF, but, as mentioned 
earlier, an average live birth can cost much more, 
because often multiple IVF cycles are required. 
Thus, this program may provide a financial incen- 
tive to certain couples. These types of programs 
have been criticized for subjecting patients to un- 
necessary pre-IVF testing and also for being 
exploitative and questionable on ethical grounds.~* 


Counsyl: Flat-rate Genetic Testing 


Another new service has recently become avail- 
able that may lower the cost of genetic testing 
for infertile couples. The company, Counsyl, offers 
a comprehensive genetic screening test that in- 
cludes more than 100 different potential inherit- 
able conditions. Counsyl provides this test for a 
guaranteed $99 copay to any patient with insur- 
ance, regardless of the type of insurance. This 
single-price copay applies even if the test is de- 
nied reimbursement as long as the patient has in- 
surance. Counsyl is basing this service on a 
shared-risk model with the assumption that the 
test will be reimbursed often enough to remain 
profitable. This approach to screening for 
numerous conditions is arguably too broad and 
may cause needless worry among patients. How- 
ever, for couples with insurance and $198, this 
testing may provide either piece of mind or the op- 
portunity to undergo genetic counseling and weigh 
their options if they both test positive as carriers of 
a potentially severe condition. The testing includes 
100 common cystic fibrosis transmembrane 
conductance regulator mutations, which are 
commonly tested for among urologists treating 
men with congenital bilateral absence of the vas 
deferens.° 


Federal Title X 


The federal government enacted the Title X Family 
Planning Program in 1970 as a federal grant pro- 
gram devoted to family planning and related pre- 
ventative health services that prioritized the 
needs of uninsured or low-income individuals, 
including those not eligible for Medicaid. The ser- 
vices provided at reduced or no cost include ac- 
cess to contraceptive services, supplies, and 
information and assistance in determining the 
number and spacing of children for both positive 
birth outcomes and healthy families. Title X pro- 
vides federal funding for approximately 4400 
community-based clinics (as of 2011) with at least 
one clinic in 72% of US counties.”° In addition to 
contraceptive services and counseling, these 
clinics provide related preventative health services 
such as breast and cervical cancer screening and 


STD and HIV education, testing, and referral. The 
diagnosis and treatment of infertility has not been 
a part of the services covered by Title X funding, 
but recent discussion within the program has 
raised the question of whether infertility care, 
male and female, should be a part of the care pro- 
vided at Title X clinics. 


Federal/State: Medicaid 


Medicaid is a state-administered program to pro- 
vide medical care for US citizens and their families 
with low incomes and certain disabilities. Medicaid 
is supported by both federal and state funding. 
Much like Title X, Medicaid provides coverage for 
family planning services including contraception 
and STD testing and treatment, and preventive 
services such as breast and cervical cancer 
screening. However, being a state-administered 
program, there is heterogeneity regarding the 
various services offered. Regarding permanent 
contraception, only 13 states cover tubal ligation 
and only 10 states cover vasectomies. Two states 
provide Medicaid coverage for vasectomy re- 
versal. Infertility services in general are rarely 
covered by Medicaid, with only 3 states providing 
limited coverage of testing and rare coverage of 
infertility treatment.” 


Military Personnel and Tricare 


Active duty military obtain their health care via the 
federally funded and administrated Military Health 
System. Spouses and dependents are similarly 
covered under the Tricare program. Diagnostic 
services regarding infertility are covered for both 
men and women under these plans. Although the 
plans state that infertility treatments and corrective 
surgeries are covered, there are some notable ex- 
ceptions to this statement. IVF and intrauterine 
insemination (IUI) are not covered, but hormonal 
treatments are covered. Although not covered, 
IVF and IUI may be performed at a Military Treat- 
ment Facility, which offers discounted rates over 
the open market. Surgical procedures for male 
factor infertility are not explicitly covered, but are 
evaluated on a case-by-case basis and may be 
approved for cost sharing between the patient 
and the government. In addition, some infertility 
clinics offer discounted services to active duty mil- 
itary personnel. 


Veterans Health Administration 


Infertility treatment options have traditionally been 
limited for US veterans as well, but this may be 
changing. In December 2012, the Murray Bill 
passed the Senate and would have lifted the ban 
on ART in Veterans Administration hospitals 
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specifically for veterans who had injuries that 
would have made conceiving children impossible 
without medical assistance such as sperm 
retrieval. The bill failed to reach the president’s 
desk, reportedly because of the manner in which 
the bill would be funded. Regardless, a new bill 
has been proposed, the Women Veterans and 
Other Health Care Improvements Act of 2013, 
which also has the same provision for ART for 
wounded veterans.*° Even with the restriction of 
ART, veterans are provided with otherwise 
comprehensive reproductive health care, which 
includes both medical and surgical contraception 
(male and female), all aspects of sexual health, 
IUI, varicocelectomy, and even vasectomy re- 
versal at certain medical centers. 


SHOULD REPRODUCTIVE HEALTH CARE BE 
COVERED? 


At the heart of the discussion regarding reproduc- 
tive health care delivery is the larger philosophic 
question: should reproductive health care be 
covered? Or more to the point: should infertility 
services be covered by public funds or group in- 
surance policies? It is hard to imagine people 
arguing against coverage for prenatal care or deliv- 
ery. Coverage for the diagnosis and treatment of 
STDs is similarly universal and regarded as a public 
health matter. Contraception and surgical sterility 
are more controversial because they are forbidden 
in certain religions. However, infertility seems to be 
the most divisive aspect of reproductive health in 
that it is the least frequently covered condition. 
Those arguing against sharing in the expense for 
infertility treatment via tax dollars or insurance pre- 
miums may contend that parenthood is not a right, 
but rather a choice individuals make. The enor- 
mous expense that accompanies modern infertility 
treatments may have influenced policy makers, 
both in the legislative and insurance sectors, 
against more widespread coverage. In contrast, 
couples stricken with infertility argue that they 
have a disease affecting the reproductive system 
of the male, female, or both. The organs and tis- 
sues affected by this disease are as much a part 
of the human body as the skeletal, digestive, or 
cardiovascular systems. Reproduction is funda- 
mental for human survival. Furthermore, this dis- 
ease, which comes about from numerous causes, 
can have a serious impact on the psychosocial 
well-being of one or both members of a couple.7° 
In addition to the direct effects that infertility can 
have on a patient’s well-being, infertility can also 
be a marker of other diseases (the epidemiology 
of reproduction is discussed in detail elsewhere 
in this issue). In addition, young men undergoing 


209 


210 


Lindgren & Ross 


an infertility evaluation often have other significant 
health concerns, such as testis cancer or dia- 
betes.°° Another aspect of reproductive health, 
ED, is strongly associated with concomitant car- 
diovascular disease and predicts future cardiovas- 
cular events.°' ED is also associated with other 
public health concerns such as obesity, dyslipide- 
mia, and diabetes.°* STDs are an additional public 
health concern within the realm of reproductive 
health. All of these aspects of reproductive health 
are matters of public health. 


THE FUTURE OF REPRODUCTIVE HEALTH 
CARE 


The ACA is more than 2000 pages long and, 
despite attempts at repeal, has been the law of 
the land since 2010. This complex legislation has 
numerous provisions that become effective over 
a multiple year timeline, and will certainly cause 
important changes throughout health care in the 
United States. Over time, fee-for-service medicine 
may end as global payments and quality-based re- 
imbursements emerge. 

Beginning in January 2014, the various condi- 
tions that will be covered by all types of insurance 
will be spelled out in documents called Essential 
Health Benefits. These essential benefits will not 
be dictated by the federal government, but rather 
will be decided on at the state level. In theory, 
there could be 50 different versions of what is 
considered essential coverage. Time will tell 
whether infertility care will be included as an 
essential health benefit, but, based on the existing 
laws, at least 15 states will probably make mention 
of infertility care in one form or another. 

Urologists engaged in all aspects of male repro- 
ductive care have several responsibilities to their 
patients. They need to continue to study the ge- 
netic, environmental, and developmental causes 
that affect reproductive disease in men. They 
need to continue to find the most effective thera- 
pies that provide the best outcomes for patients 
in the most cost-effective ways. As clinicians 
seek these answers, they need to provide educa- 
tion so that patients can lead healthier lives with 
regard to their reproductive potential. Patients 
can then be prepared to work with clinicians to 
educate legislators and leaders in health care 
reimbursement so that reproductive diseases will 
be treated no differently than any other disease. 
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